Case3:09-cv-05235-EMC Document4 Filed 11/06/09 Page 1 of 1 



AO 1 20 (Rev. 2/99) 



TO 



Mail Stop 8 

Director of the U.S. Patent & Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 



REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 
TRADEMARK 



In Compliance with 35 § 290 and/or 15 U.S.C. § 1 1 16 you are hereby advised that a court action has been 
filed in the U.S. District Court Northern District of California on the following X Patents or □ Trademarks: 



DOCKET NO. 

GV 09-05235 EMC 



DATE FILED 
11/4/09 



U.S. DISTRICT COURT 

Northern District of California, San Francisco Division 



PLAINTIFF 

POWER INTEGRATIONS INC. 



DEFENDANT 

FAIRCHILD SEMICONDUCTOR 



PATENT OR 
TRADEMARK NO. 



DATE OF PATENT 
OR TRADEMARK 



HOLDER OF PATENT OR TRADEMARK 



3 



4 



In the above — entitled case, the following patentfs) have been included: 



DATE INCLUDED 


INCLUDED BY 

□ Amendment □ Answer □ Cross Bill □ Other Pleading 


PATENT OR 
TRADEMARK NO. 


DATE OF PATENT 
OR TRADEMARK 


HOLDER OF PATENT OR TRADEMARK 


'' 












3 






4 













In the above — entitled case, the following decision has been rendered or judgement issued: 
DECISION/JUDGEMENT ~~~~ 





CLERK 

Richard W. Wieking 


(BY) DEPUTY CLERK 

Gloria Acevedo 


DATE 

November 6, 2009 



Copy 1— Upon initiation of action, mail this copy to Commissioner Copy 3 — Upon termination of action, mail this copy to Commissioner 
Copy 2 — Upon filing document adding patent(s), mail this copy to Commissioner Copy 4 — Case file copy 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



% % 



Certificate No. 6,212,079 CI, confirming the patentability of many of the claims of the '079 patent 
over SG's challenges. A true and correct copy of the '079 Reexamination Certificate is attached 
hereto as Exhibit F. 

39. After the USPTO confirmed the validity of claims in all of the patents previously 
asserted against SG, Power Integrations contacted Defendants regarding their continued 
infringement in a letter dated August 10, 2009. Despite the USPTO's confirmation of the validity 
of the '079 patent, Defendants have refused to agree to stop infringing the '079 patent. 

40. Defendants have been and are now infringing, inducing infringement, and 
contributing to the infringement of the '079 patent in this District and elsewhere by making, using, 
selling, offering to sell, and/or importing devices, including power supply controller integrated 
circuit devices, covered by one or more claims of the reexamined '079 patent, and/or contributing to 
or inducing the same by third-parties, all to the injury of Power Integrations. In particular, 
Defendants' power supply controller products that include what Defendants characterize as "Green- 
Mode" functionality, or other substantially similar functionality, infringe Power Integrations' '079 
patent. 

41 . Defendants* acts of infringement have injured and damaged Power Integrations. 

42. Defendants' acts of infringement have been, and continue to be, willful so as to 
warrant the enhancement of damages awarded as a result of their infringement. In particular, 
despite Power Integrations' prior notice of the infringement as early as 2004, despite the '079 patent 
emerging from reexamination, and despite Power Integrations' renewed notice to Defendants of 
their infringement, Defendants have continued to infringe the '079 patent and have failed to commit 
to ceasing all infringement of the '079 patent. 

43. Defendants' infringement has caused irreparable injury to Power Integrations and 
will continue to cause irreparable injury until Defendants are enjoined from further infringement by 
this Court. 

PRAYER FOR RELIEF 

WHEREFORE, Plaintiff requests the following relief: 

(a) judgment that Defendants infringe the '398 patent and that the patent is valid; 
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(b) judgment that Defendants infringe the '908 patent and that the patent is valid; 

(c) judgment that Defendants infringe the '079 patent and that the patent is valid; 

(d) a permanent injunction preventing Defendants and their officers, directors, agents, 
servants, employees, attorneys, licensees, successors, assigns, and customers, and those in active 
concert or participation with any of them, from making, using, offering to sell, or selling in the 
United States or importing into the United States any devices that infringe any claim of the '398, 
'908, or '079 patents, or contributing to or inducing the same by others; 

(e) judgment against Defendants for money damages sufficient to compensate Power 
Integrations for Defendants' infringement of the '398, '908, and '079 patents in an amount to be 
determined at trial; 

(f) that such money judgment be trebled as a result of the willful nature of Defendants' 
infringement; 

(g) an accounting for infringing sales not presented at trial and an award by the Court of 
additional damages for any such infringing sales; 

(h) costs and reasonable attorneys' fees incurred in connection with this action pursuant 
to 35 U.S.C. § 285; and 

(i) such other and further relief as the Court finds just and proper. 
A JURY TRIAL IS DEMANDED BY PLAINTIFF. 



Dated: November 4, 2009 



FISH & RICHARDSON P.C. 




Attorneys for Plaintiff 
POWER INTEGRATIONS, INC. 
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(57) ABSTRACT 

A power supply controller having a multi-function terminal. 
In one embodiment, a power supply controller for switched 
mode power supply includes a drain terminal, a source 
terminal, a control terminal and a multi-function terminal. 
The multi-function terminal may be configured in a plurality 
of ways providing any one or some of a plurality of 
functions including on/off control, external current limit 
adjustments, under- voltage detection, over-voltage detection 
and maximum duty cycle adjustment. The operation of the 
multi-function terminal varies depending on whether a posi- 
tive or negative current flows through the multi-function 
terminal. A short-circuit to ground from the multi-function 
terminal enables the power supply controller. A short-circuit 
to a supply voltage from the multi-function terminal disables 
the power supply controller. The current limit of an internal 
power switch of the power supply controller may be 
adjusted by externally setting a negative current from the 
multi-function terminal. The multi -function terminal may 
also be coupled to the input DC line voltage of the power 
supply through a resistance to detect an under-voltage 
condition, an over- voltage condition and/or adjust the maxi- 
mum duty cycle of power supply controller. Synchronization 
of the oscillator of the power supply controller may also be 
realized by switching the multi-function terminal to power 
or ground at the desired times. 

29 Claims, 13 Drawing Sheets 
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METHOD AND APPARATUS PROVIDING A 
MULTI-FUNCTION TERMINAL FOR A 
POWER SUPPLY CONTROLLER 

This is a Divisional of U.S. application Ser. No. 09/405, 
209, filed Sep. 24, 1999, now pending. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to power supplies 
and, more specifically, the present invention relates to a 
switched mode power supply controller. 

2, Background Information 

Electronic devices use power to operate. Switched mode 
power supplies are commonly used due to their high effi- 
ciency and good output regulation to power many of today's 
electronic devices. In a known switched mode power supply, 
a low frequency (e.g. 50 Hz or 60 Hz mains frequency), high 
voltage alternating current (AC) is converted to high voltage 
direct current (DC) with a diode rectifier and capacitor. The 
high voltage DC is then converted to high frequency (e.g. 30 
to 300 kHz) AC, using a switched mode power supply 
control circuit. This high frequency, high voltage AC is 
applied to a transformer to transform the voltage, usually to 
a lower voltage, and to provide safety isolation. The output 
of the transformer is rectified to provide a regulated DC 
output, which may be used to power an electronic device. 
The switched mode power supply control circuit provides 
usually output regulation by sensing the output controlling it 
in a closed loop. 

Aswitched mode power supply may include an integrated 
circuit power supply controller coupled in series with a 
primary winding of the transformer. Energy is transferred to 
a secondary winding from the primary winding in a manner 
controlled by the power supply controller to provide the 
clean and steady source of power at the DC output. The 
transformer of a switched mode power supply may also 
include another winding called a bias or feedback winding. 
The bias winding provides the operating power for the 
power supply controller and in some cases it also provides 
a feedback or control signal to the power supply controller. 
In some switched mode power supplies, the feedback or 
control signal can come through an opto -coupler from a 
sense circuit coupled to the DC output. The feedback or 
control signal may be used to modulate a duty cycle of a 
switching waveform generated by the power supply con- 
troller or may be used to disable some of the cycles of the 
switching waveform generated by the power supply con- 
troller to control the DC output voltage. 

A power supply designer may desire to configure the 
power supply controller of a switched mode power supply in 
a variety of different ways, depending on for example the 
particular application and/or operating conditions. For 
instance, there may be one application in which the power 
supply designer would like the power supply controller to 
have one particular functionality and there may be another 
application in which the power supply designer would like 
the power supply controller to have another particular func- 
tionality. It would be convenient for power supply designer 
to be able to use the same integrated power supply controller 
for these different functions. 

In order to provide the specific functions to the power 
supply controller, additional pins or electrical terminals are 
added for each function to the integrated circuit power 
supply controllers. Consequently, each additional function 
generally translates into an additional pin on the power 
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supply controller chip, which translates into increased costs 
and additional external components. Another consequence 
of providing additional functionality to power supply con- 
trollers is that there is sometimes a substantial increase in 
5 power consumption by providing the additional functional- 
ity. 

SUMMARY OF THE INVENTION 
Power supply controller methods and apparatuses are 
disclosed. In one embodiment, a power supply controller 

10 circuit is described including a current input circuit coupled 
to receive a current. In one embodiment, the current input 
circuit is to generate an enable/disable signal in response to 
the current. The power supply controller is to activate and 
deactivate the power supply in response to the enable/ 

15 disable signal. In another embodiment, a current limit of a 
power switch of the power supply controller is adjusted in 
response to the current, In yet another embodiment, a 
maximum duty cycle of the power switch of the power 
supply is adjusted in response to the current. Additional 

20 features and benefits of the present invention will become 
apparent from the detailed description, figures and claims set 
forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 The present invention detailed illustrated by way of 
example and not limitation in the accompanying figures. 

FIG. 1 is a schematic illustrating one embodiment of a 
power supply including a power supply controller having a 
multi-function terminal in accordance with the teachings of 
30 the present invention. 

FIG. 2 A is a schematic illustrating one embodiment of a 
power supply controller having a multi-function terminal 
configured to limit the current of the power switch in the 
power supply controller to a desired value in accordance 
35 with the teachings of the present invention. 

FIG. 2B is a schematic illustrating one embodiment of a 
power supply having a multi-function terminal configured to 
provide a switchable on/off control to the power supply in 
4Q accordance with the teachings of the present invention. 
FIG. 2C is a schematic illustrating one embodiment of the 
power supply having a multi-function terminal configured to 
limit the current of the power switch in the power supply 
controller to a desired value and provide a switchable on/off 
45 control to the power supply controller in accordance with the 
teachings of the present invention. 

FIG. 2D is a schematic illustrating one embodiment of a 
power supply having a multi-function terminal configured to 
provide line under-voltage detection, line over-voltage 
50 detection and maximum duty cycle reduction of the power 
supply in accordance with the teachings of the present 
invention. 

FIG. 2E is a schematic illustrating one embodiment of a 
power supply having a multi-function terminal configured to 

55 provide line under-voltage detection, line over-voltage 
detection, maximum duty cycle reduction and a switchable 
on/off control to the power supply in accordance with the 
teachings of the present invention. 

FIG. 2F is a schematic illustrating one embodiment of 

60 current mode control of a power supply controller having a 
multi-function terminal configured to regulate the current 
limit of the power switch in response to the power supply 
output in accordance with the teachings of the present 
invention. 

65 FIG. 3 is a block diagram illustrating one embodiment of 
a power supply controller including a multi -function termi- 
nal in accordance with teachings of the present invention. 
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FIG. 4 is a schematic illustrating one embodiment of a at low DC input voltages also allows for smaller input filter 

power supply controller including a multi-function terminal capacitance. Thus, this feature results in cost savings on 

in accordance with the teachings of the present invention. many components in the power supply including the trans- 

FIG. 5 is a diagram illustrating one embodiment of former. In yet another embodiment, some or all of the above 

currents, voltages and duty cycles in relation to current 5 functions are provided with a single multi-function terminal 

through a multi-function terminal of a power supply con- in the power supply controller. That is, in one embodiment, 

trailer in accordance with teachings of the present invention. a plurality of additional functions are provided to power 

FIG. 6A is a diagram illustrating one embodiment of ^PP 1 / controller without the consequence of adding a 

timing diagrams of switching waveforms of a power supply corresponding plurality of additional terminals or pins to the 

controller including a multi-function terminal in accordance 10 integrated circuit package of the power supply controller. In 

with teachings of the present invention. one . embodiment, one or some of the above functions are 

*m - j- -11 i ,l l j- * c available when positive current flows iato the multi-function 

MG. 6B is a diagram illustrating another embodiment of . . T , „ . , 

. - + , - v *u terminal. In another embodiment, one or some of the above 

timing diagrams ot switching waveforms of the power . . .. U1 , '. ~ - 

i z „ . , ,. " 1t . A f . . • i • functions are available when negative current flows out from 

supply controller including a multi-function terminal in , . . _ . , • , T t. a- > .u n 

j ... „ ,i ♦ ■ 15 the mult i -function terminal. In one embodiment, the voltage 

accordance with teachings of the present invention. . 4 , u . c . , . „ . , , , 

. ?„ . , , „ at the multi-function terminal is fixed at a particular value 

FIG. 7 is a schematic illustrating another embodiment of depending on whether positive currenl flows ^ thc multi . 

a power supply controller including a multi-function termi- terminal or whether tive current flows mt from 

rial in accordance with the teachings of the present inven- lhe mu!ti _ firaction terminal. 

0 . .„ . , ... _ 20 The multi-function features listed above not only save 

FIG. 8 is a diagram illustrating another embodiment of cQsl Qf m nems and ; e , 

timing diagrams of switching waveforms of the power ^ ^ ± save ma nents that would 

supply controller mcludmg a multi-function terminal in o1hcrwise be required if thcse fealures were implcmen ted 

accordance with teachmgs of the present invention. externally 

DETAILED DESCRIPTION 25 FIG. 1 is a block diagram illustrating one embodiment of 

A , , , , .,. „ a power supply 101 including a power supply controller 139 

A method and an apparatus providing a multi-funcUon J & ^ t f_ function ^J,J ^ ^ ^ ^ 

terminal in a power supply controller is disclosed. In the , . e tU . ■ t . K .„ t t , 

rr 3 -a „ . „ „ teachmgs of the present invention. As illustrated, power 

following description, numerous specifically details are set , % M . , K AO . . . , . , • 

e ,u - a * -a .v. u a \ a- f ,u supply I0l includes an AC mains input 103, which is 

forth in order to provide a thorough understanding of the 30 a a . • 1. * . a a- a .-a 

. 1 . . u configured to receive an AC voltage input. A diode rectifier 

present invention. It will be apparent, however, to one . . , t . ° \. c t , A/ -, lt 

f ■ j. , u • + u , / » , , 105 is coupled to AC mains input to rectify the AC voltage, 

having ordinary skill m the art that the specific detail need „ . t f, n - - , a* a- a inc.. * *L 

, s . J , t t . . - 1 *u Capacitor 107 is coupled to diode rectifier 105 to convert the 

not be employed to practice the present invention. In other AQ in{Q a DC ^ e which ^ 

instances wefi-known materials or me^ods have not been ^ iQ a ^ m of a tr s ansformer . ^ aei 

desenbed in detail in order to avoid obscuring the present 35 j ... a a- a 11a ij • 

& r diode 117 and diode 119 are coupled across primary winding 

invention. in , -ji • -. 

, _ , . Ill to provide clamp circuitry. 

In one embodiment of the present invention, a power * ■„ . j ■ t-^h, * • m • 1 j 

supply controller is provided with the functionality of being As illustrated in FIG. 1, primary winding 111 « counted 

able to remotely turn on and off the power supply. In another <° a drain 'f™ 1 ™ 1 of Pow^r supply controller 139. 

embodiment, the power supply controller is provided with 40 P^r supply controller 139 mcludes a power switch 147 

the functionality of being able to externally set the current C0U P the d T, termmal "i I ? Dd a ^ 

Umit of a power switch in the power supply controller, which ?^ al 143 ' ^ hlch 15 co ^ d t0 f r0UD ^ When P^er switch 

makes it easier to prevent saturation of the transformer 147 is turned on, current flows through primary winding 111 

reducing transformer size and cost. Externally settable cur- of < he t™f°™r. When ™™ 1 fl » ws th[ ?^ h 

rent limit also allows the maximum power output to be kept 45 ™ din 8 U1 ' ^ 15 Stor f d i n thc tra ^ ormer - W fl heD 

constant over a wide input range reducing the cost of P°wer switch 147 is turned off, current does not flow 

components that would otherwise have to handle the exces- lhrou S h P" 1 ™? w ^ I " , ^ V 

sive power at high input voltages. In yet another ^nm^^^tos^^mndingm^bm 

embodiment, the power supply controller is provided with winding 115. 

the functionality of being able to detect an under-voltage so A DC output voltage is produced at DC output 125 

condition in the input line voltage of the power supply so through diode 121 and capacitor 123. Zener diode 127, 

that the power supply can be shutdown gracefully without resistor 129 and opto-coupler 131 form feedback circuitry or 

any glitches 011 the output. In still another embodiment, the regulator circuitry to produce a feedback signal received at 

power supply controller is provided with the functionality of a control terminal 145 of the power supply controller 139, 

being able to detect an over- voltage condition in the input 55 The feedback or control signal is used to regulate or control 

line voltage of the power supply so that the power supply me voltage at DC output 125. As the voltage across DC 

can be shut down under this abnormal condition. This allows out P ut 125 rises above a threshold voltage determined by 

the power supply to handle much higher surge voltages due diode 127 ' resistor 129 and opto-coupler 131, addi- 

to the absence of reflected voltage and switching transients tional feedback current flows into control terminal 145. In 

on the power switch in the power supply controller. In so onc embodiment, control terminal 145 also provides a 

another embodiment, the power supply controller is pro- su PP!y voltage for circuitry of power supply controller 139 

vided with the functionality of being able to limit the through bias winding 115, diode 133, capacitor 135 and 

maximum duty cycle of a switching waveform generated by capacitor 137. 

a power supply controller to control (be DC output of the As shown in FIG. 1, power supply controller 139 includes 

power supply. In so doing, saturation of the transformer 65 a multi-function terminal 149, which in one embodiment 

during power up is reduced and the excess power capability enables power supply controller 139 to provide one or a 

at high input voltages is safely limited. Increased duty cycle plurality of different functions, depending on how multi- 
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function terminal 149 is configured. Some examples of how current flowing through resistor 205 into multi-function 

multi-function terminal 149 may be configured are shown in terminal 149 is representative of line voltage 109, which is 

FIGS, 2A through 2F, input to the primary winding 111. Since the positive current 

For instance, FIG. 2A is a diagram illustrating one . flowing through resistor 205 into multi-function terminal 

embodiment of a power supply controller 139 including a s M9 represents the line voltage 109, power supply controller 

resistor 201 coupled between the multi-function terminal 139 can use this positive current to sense an under-voltage 

149 and the source terminal 143. In one embodiment, the condition in line voltage 109 in one embodiment. An under- 

source terminal 143 is coupled to ground. In one voltage condition exists when the line voltage 109 is below 

embodiment, the voltage at multi-function terminal 149 is a particular under-voltage threshold value. In one 

fixed when negative current flows from multi-function ter- 10 embodiment, if a line under-voltage condition is detected, 

minal 149. In one embodiment, the negative current that power switch 147 is not switched by power supply controller 

flows through resistor 201 is used to set externally the 139 until the under-voltage condition is removed, 

current limit of power switch 147. Thus, the power supply In one embodiment, power supply controller 139 can use 

designer can choose a particular resistance for resistor 201 the positive current flowing through resistor 205 into multi- 

to set externally the current limit of power switch 147. In one 15 function terminal 149 to detect an over-voltage condition in 

embodiment, resistor 201 may be a variable resistor, a binary line voltage 109. An over- voltage condition when line 

weighted chain of resistors or the like. In such embodiment, voltage 109 rises above a particular over-voltage threshold 

the current limit of power switch 147 may be adjusted value. In one embodiment, if a line over-voltage condition is 

externally by varying the resistance of resistor 201. In one detected, power switch 147 is not switched by power supply 

embodiment, the current limit of power switch 147 is 2Q controller 139 until the over- voltage condition is removed, 

directly proportional to the negative current flowing through i n 0 ne embodiment, power supply controller 139 can also 

resistor 201. use tne positive current flowing through resistor 205 and 

FIG. 2B is a diagram illustrating another embodiment of multi-function terminal 149 to detect for increases or 
a power supply controller 139 including a switch 203 decreases in line voltage 109. As line voltage 109 increases, 
coupled between multi-function terminal 149 and source 2 s for a given fixed maximum duty cycle, the maximum power 
terminal 143. In one embodiment, source terminal 143 is available to secondary winding 113 in power supply 101 of 
coupled to ground. In one embodiment, power supply con- FIG. 1 usually increases. As line voltage 109 decreases, less 
troller 139 switches power switch 147 when multi- function power is available to secondary winding 113 in power 
terminal 149 is coupled to ground through switch 203. In supply 101. In most cases, the excess power available at the 
one embodiment, power supply controller 139 does not 30 DC output 125 is undesirable under overload conditions due 
switch power switch 147 when multi-function terminal 149 to high currents that need to be handled by components. In 
is disconnected from ground through switch 203. In some instances, it is also desirable to increase the maximum 
particular, when an adequate amount of negative current power available to DC output 125 at low input DC voltages 
flows from multi-function terminal 149, power supply 101 is to save on cost of the input filter capacitor 107. Higher duty 
enabled. When substantially no current flows from multi- 35 cycle at low DC input voltage allows lower input voltage 
function terminal 149, power supply 101 is disabled. In one operation for a given output power. This allows larger ripple 
embodiment, the amount of current that flows from multi- voltage on capacitor 107, which translates to a lower value 
function terminal 149 to ground through switch 203 is capacitor. Therefore, in one embodiment, power supply 
limited. Thus, in one embodiment, even if multi-function controller 139 adjusts the maximum duty cycle of a switch- 
terminal 149 is short-circuited to ground through switch 40 ing waveform used to control or regulate power switch 147 
203, the amount of current flowing from multi-function in response to increases or decreases in line voltage 109. In 
terminal 149 to ground is limited to a safe amount. one embodiment, the maximum duty cycle of the switching 

FIG. 2C is a diagram illustrating yet another embodiment waveform used to control power switch 147 is inversely 

of a power supply controller 139 including resistor 201 and proportional to the line voltage 109. As mentioned earlier, 

switch 203 coupled in series between multi-function termi- 45 reducing the duty cycle with increasing input DC voltage 

nal 149 and source terminal 143, which in one embodiment has many advantages. For instance, it reduces the value and 

is ground. The configuration illustrated in FIG. 2C combines hence the cost of capacitor 107. In addition, it limits excess 

the functions illustrated and described in connection with power at high line voltages reducing the cost of the clamp 

FIGS. 2A and 2B above. That is, the configuration illustrated circuit (117, 119), the transformer and the output rectifier 

in FIG. 2C illustrates a power supply controller 139 having 50 121 due to reduced maximum power ratings on these 

external adjustment of the current limit of power switch 147, components. 

through the selection of the resistance for resistor 201, and It is appreciated that since only a single resistor 201 to 

on/off functionality through switch 203. When switch 203 is ground, or a single resistor 205 to line voltage 109, is 

on, power supply controller 139 will switch power switch utilized for implementing some of the functions of power 

147 with a current limit set by resistor 201. When switch 203 55 supply controller 139, a power savings is realized. For 

is off, power supply controller 139 will not switch power instance, if a resistor divider were to be coupled between 

switch 147 and power supply 101 will be disabled. power and ground, and a voltage output of the resistor 

FIG. 2D is a diagram illustrating still another embodiment divider coupled to a terminal of power supply controller 139 

of a power supply controller 139 including a resistor 205 were to be used, current would continuously flow through 

coupled between the line voltage 109 and multi-function 60 both the resistor divider and into a sensor terminal of the 

terminal 149. Referring briefly back to FIG. 1 above, DC power supply controller. This would result in increased 

line voltage 109 is generated at capacitor 107 and is input to power consumption. However in one embodiment of the 

the primary winding 111 of the transformer of power supply power supply controller 139, only the single resistor 201 to 

101. Referring back the FIG. 2D, in one embodiment, ground or single resistor 205 to line voltage 109 is utilized, 

multi-function terminal 149 is substantially fixed at a par- 65 thereby eliminating the need for a current to flow through 

ticular voltage when positive current flows into multi- both the resistor divider and into power supply controller 

function terminal 149. Therefore, the amount of positive 139. 
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FIG. 2E is a diagram illustrating yet another embodiment 
of a power supply controller 139 including resistor 205, as 
described above, coupled between the line voltage 109 and 
multi- function terminal 149. FIG. 2E also includes a switch 
207 coupled between control terminal 145 and multi- 5 
function terminal 149. In one embodiment, resistor 205 
provides the same functionality as discussed above in con- 
nection with FIG. 2D. Therefore, when switch 207 is 
switched off, the configuration illustrated in FIG. 2E is 
identical to the configuration described above in connection ]0 
with FIG. 2D. 

In one embodiment, control terminal 145 provides a 
supply voltage for power supply controller 139 in addition 
to providing a feedback or control signal to power supply 
controller 139 from DC output 125. As a result, in one 35 
embodiment, switch 207 provides in effect a switchable low 
resistance connection between a supply voltage (control 
terminal 145) and multi-function terminal 149. In one 
embodiment, the maximum positive current that can flow 
into multi-function terminal 149 is limited, Therefore, in one 2 o 
embodiment, even when switch 207 provides, in effect, a 
short-circuit connection from a supply voltage, the positive 
current that flows into multi-function terminal 149 is limited 
to a safe amount. However, in one embodiment, the positive 
current that does flow through switch 207, when activated, 25 
into multi-function terminal 149 triggers an over-voltage 
condition. As discussed above, power supply 139 discon- 
tinues switching power switch 147 during an over-voltage 
condition until the condition is removed. Therefore, switch 
207 provides on/off functionality for power supply control- 30 
ler 139. When switch 207 is the activated, the low resistance 
path to control terminal 145 is removed and the positive 
current flowing into multi-function terminal 149 is limited to 
the current that flows from line voltage 109 through resistor 
205. Assuming that neither an under-voltage condition nor 35 
an over-voltage condition exists, power supply controller 
139 will resume switching power switch 147, thereby 
re-enabling power supply 101, 

FIG. 2F is a diagram illustrating another embodiment of 
a power supply controller 139 using current mode control to 40 
regulate the current limit of the power supply. As shown, 
resistor 201 is coupled between the multi-function terminal 
149 and the source terminal 143 and the transistor 209 of an 
opto-coupler coupled between multi-function terminal 149 
and a bias supply, such as for example control terminal 145. 45 
Similar to FIG. 2A, the negative current that flows out from 
multi-function terminal 149 is used to set externally the 
current limit of power switch 147. In the embodiment 
illustrated in Figure in FIG, 2F, the current limit adjustment 
function can be used for controlling the power supply output 50 
by feeding a feedback signal from the output of the power 
supply into multi-function terminal 149. In the embodiment 
depicted in FIG. 2F, the current limit is adjusted in a closed 
loop to regulate the output of the power supply (known as 
current mode control) by adding the opto-coupler output 55 
between multi-function terminal 149 and the bias supply. 

In one embodiment, the power supply controller configu- 
rations described in connection with FIGS. 2A through 2F 
all utilize the same multi-function terminal 149. Slated 
differently, in one embodiment, the same power supply 60 
controller 139 may be utilized in all of the configurations 
described. Thus, the presently described power controller 
139 provides a power supply designer with added flexibility. 
As a result, a power supply designer may implement more 
than one of the above functions at the same time using the 65 
presently described power supply controller 139. In 
addition, the same functionality may be implemented in 
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more than one way. For example, power supply 101 can be 
remotely turned on and off using either power or ground. In 
particular, the power supply 101 can be turned on and off by 
switching to and from the control terminal (supply terminal 
for the power supply controller) using the over-voltage 
detection feature, or by switching to and from ground using 
the on/off circuitry. 

FIGS. 2A though 2F provide just a few examples of use 
of the multi-function terminal. Aperson skilled in the art will 
find many other configuratioas for use of the multi-function 
pin. The uses for the multi-function terminal, are therefore, 
not limited to the few examples shown. 

It is worthwhile to note that different functions of the 
presently described power supply controller 139 may be 
utilized at different times during different modes of opera- 
tion of power supply controller 139. For instance, some 
features may be implemented during startup operation, other 
functions may be implemented during normal operation, 
other functions may be implemented during fault conditions, 
while still other functions may be implemented during 
standby operation. Indeed, it is appreciated that a power 
supply designer may implement other circuit configurations 
to use with a power supply controller 139 in accordance with 
teachings of the present invention. The configurations illus- 
trated in FIGS. 2A through 2F are provided simply for 
explanation purposes. 

FIG. 3 is a block diagram illustrating one embodiment of 
a power supply controller 139 in accordance with teachings 
of the present invention. As shown in the embodiment 
illustrated, power supply controller 139 includes a current 
input circuit 302, which in one embodiment serves as 
multi-function circuitry. In one embodiment, current input 
circuit 302 includes a negative current input circuit 304 and 
a positive current input circuit 306. In one embodiment, 
negative current input circuit 304 includes negative current 
sensor 301, on/off circuitry 309 and external current limit 
adjuster 313. In one embodiment, positive current input 
circuit 306 includes positive current sensor 305, under- 
voltage comparator 317, over-voltage comparator 321 and 
maximum duty cycle adjuster 325. 

As shown in FIG. 3, negative current sensor 301 and 
positive current sensor 305 are coupled to mulli-function 
terminal 149. In one embodiment, negative current sensor 
301 generates a negative current sense signal 303 and 
positive current sensor generates a positive current sense 
signal 307. For purposes of this description, a negative 
current may be interpreted as current that flows out of 
multi-function terminal 149. Positive current may be inter- 
preted as current that flows into multi-function terminal 149. 
In one embodiment, on/off circuitry 309 is coupled to 
receive negative current sense signal 303. External current 
limit adjuster 313 is coupled to receive negative current 
sense signal 303. 

In one embodiment, under-voltage comparator 317 is 
coupled to receive positive current sense signal 307. Over- 
voltage comparator 321 is coupled to receive positive cur- 
rent sense signal 307, As discussed earlier, both under- 
voltage and over-voltage comparators also function as on/off 
circuits. Maximum duty cycle adjuster 325 is also coupled 
to receive positive current sense signal 307. 

In one embodiment, on/off circuitry 309 generates an 
on/off signal 311, under-voltage comparator 317 generates 
an under-voltage signal 319 an over-voltage comparator 321 
generates an over-voltage signal 323. As shown in the 
embodiment illustrated in FIG. 3, enable/disable logic 329 is 
coupled to receive the on/off signal 311, the under-voltage 
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signal 319 and the over-voltage signal 323. The under- the power supply 101. In one embodiment, when the current 
voltage and over-voltage signals can also be used for on/off flowing from multi-function terminal 149 is greater than a 
functions as noted earlier. predetermined on/off threshold level, on/off circuitry 309 
In one embodiment, enable/disable logic 329 generates an fj?" alcs on/o ^ s > nal 3 ^ to switch on the power supply 
enable/disable signal 331, which is coupled to be received 5 101. In one embo^ment the magnitude of the on/off thresh- 
by control circuit 333. The control circuit 333 is also coupled £ ld £^ 1S approximately 40 to 50 microamps, including 
to receive a control signal from control terminal 145. In ys eresis. 

addition, control circuit 333 is also coupled to receive a In one embodiment, external current limit adjuster 313 

drain signal from drain terminal 141, a maximum duty cycle & enerates exlemal currem lumt adjustment synal 315 in 

adjustment signal 327 from maximum duty cycle adjuster io ™P°™> 10 De 8 at1 ^ current «■» s *S naJ 303 - ln one 

325 and an external current limit adjustment signal 315 from embodiment, when the magnitude of the negative current 

external current limit adjuster 313. fl ™S from niulu-function terminal 149 through an exter- 

, . nal resistance or switch to ground is below a predetermined 

In one embodiment control circuit 333 generates a leve ^ current Mt adjust£r 313 ^ an externa] 

switching waveforms 335, which is coupled to be received adjustment signal to limit the current flowing 

by power switch 147. In one embodiment, power switch 147 1:> 4 , , J , iJf „ . . . 

. h tJ . 4 j*. - iu^ j . - i through power switch 147. In one embodiment, when the 

is coupled be ween dram terminal 141 and source terminal %J C of the uve CUfrem flowin from muUi „ 

143 to control a current flowing through the primary wind- ^ below ^ delermined ^ the 

mg 111 of power supply 101, which is coupled to drain c(jmm flowing through power switch 147 is Iimited to an 

ermina , ^ amount directly proportional to the current flowing out of 

In one embodiment, negative current sensor 301 senses power suppJy CODtro]lcr 139 from multifunction terminal 

current that flows out of negative current sensor 301 through 149 Tq Qne 6mbodimeQl) predetermined level is approxi- 

mulli-function terminal 149. Negative current sense signal mately 150 raicroamps , ln one embodiment, if the magni- 

303 is generated in response to the current that flows from lude of the negalive cunenl flowing oul of po Wer supp i y 

negative current sensor 301 through multi-function terminal ^ conIrol i er 139 from ra ulti-function terminal 149 is greater 

149. In one embodiment, current that flows from negative than me p redetermined leveJj the ^rent flowing tnrough 

current sensor 301 through multi-function terminal 149 poW er switch 147 is internally limited or clamped to a fixed 

typically flows through an external resistance or switch sa f e maximum level. Therefore, the current flowing through 

coupled between multi-function terminal 149 and ground, power switch U7 ^ clamped to a safe value5 even when 

In one embodiment, positive current sensor 305 senses 3Q multi-function terminal 149 is shorted to ground. In one 
current that flows into positive current sensor 305 through embodiment, the current flowing through power switch 147 
multi-function terminal 149. Positive current sense signal jg internally limited or clamped to value of 3 amps. 
307 is generated in response to the current that flows into ln one embodiment, since the voltage at multi-function 
positive current sensor 305 through multi-function terminal terminal 149 is fixed at a particular voltage when current 
149. In one embodiment, current that flows into positive 35 flows out of power supply controller 139 through multi- 
current sensor 305 through raulti-function terminal 149 function terminal 149, the current limit through power 
typically flows through an external resistance coupled swilch 147 can be accurate iy set externally with a single 
between multi-function terminal 149 and the DC line volt- j arge vaIu£i i ow . costj resistor externally coupled between 
age 109 input to the primary winding 111 of a power supply multi-function terminal 149 and ground. By using a large 
101 and/or another voltage source. In another embodiment 40 exteraa i resistance, the current flowing from multi-function 
the current flows through an external resistance or a switch terrnina i 149 is relatively small. As mentioned above, the 
coupled between the multi-function terminal 149 and current flowing from multi-function terminal 149 in one 
another voltage source. In one embodiment, the line voltage embodiment is in the microamp range. Since the current 
109 input to primary winding 111 is typically a rectified and flowing from multi-function terminal 149 is relatively small, 
filtered AC mains signal. 45 me amount G f powe r dissipated is also relatively small. 

As mentioned above, in one embodiment, positive current ln one embodiment, multi-function terminal 149 is 

does not flow while negative current flows, and vice versa. coupled to the DC line voltage 109 input to the primary 

In one embodiment, the negative current sensor 301 and w i n( Jing 111 through an external resistance. In one 

positive current sensor 305 are designed in such a way that embodiment, the amount of current flowing into multi- 

they are not active at the same time . Stated differently, 50 function terminal 149 represents the DC input line voltage to 

negative current sense signal 303 is not active at the same t he power supply 101. In one embodiment, under-voltage 

time as positive current sense signal 307 in one embodiment. comparator 317 generates under-voltage signal 319 in 

In one embodiment, the voltage at multi -function terminal response to the resulting positive current sense signal 307. In 

149 is fixed at a first level when negative current flows out one embodiment, when the current flowing into multi- 

of power supply controller 139 from multi-function terminal ss function terminal 149 rises above a first predetermined 

149. In one embodiment, the first level is selected to be threshold, under-voltage comparator 317 generates under- 

approximately 1.25 volts. In one embodiment, the voltage at voltage signal 319 to enable the power supply. In one 

multi-function terminal is fixed at a second level when embodiment, when the current flowing into multi-function 

positive current flows into power supply controller 139 terminal 149 falls below a second predetermined threshold, 

through multi-function terminal 149. In one embodiment, 60 under-voltage comparator 317 generates under-voltage sig- 

the second level is selected to be approximately 2.3 volts. nal 319 to disable the power supply. In one embodiment, the 

In one embodiment, on/off circuitry 309 generates on/off first predetermined threshold is greater than the second 

signal 311 in response to negative current sense signal 303. predetermined threshold to provide hysteresis. By providing 

In one embodiment, when the current flowing from multi- hysteresis or a hysteretic threshold, unwanted switching on 

function terminal 149 through an external resistance to 65 and off of the power supply 101 resulting from noise or 

ground is less than a predetermined on/off threshold level, ripple is reduced. In one embodiment, the first predeter- 

on/off circuitry 309 generates on/off signal 311 to switch off mined threshold is approximately 50 microamps and the 
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second predetermined threshold is approximately 0 micro- transformer core through the primary winding 111. While 

amps. In another embodiment, a hysteretic threshold is not the power switch 147 is off, power is delivered from the 

utilized. Thus the hysteresis is greater than or equal to zero. transformer core to the secondary winding of the trans- 

In one embodiment, over-voltage comparator 321 gener- f 0 ™" in P° wer } Q1 J° » B iv f ° P ow f 

ates overvoltage signal 323 in response to the positive 5 level, for a lower DC input voltage 109, a higher duty cycle 

• 7 i<vi t u j- u iU is required and for a higher DC input voltage 1U9, a lower 

current sense signal 307 In one embodiment, when the ^ 4 fa fe * a ofle em £ odimeo f of the t 

current flowing into multi-mnction terminal 149 rises above mention, maxim um duty cycle adjuster 325 decreases the 

a third predetermined threshold, over-voltage comparator maximum duty cy cle of po Wer switcn 147 in resp0 nse to 

321 generates over-voltage signal 323 to disable the power ^creases in the DC input voltage 109. In one embodiment, 

supply. In one embodiment, when the current flowing into 10 majdmum duty cycle adjuster 325 increases the maximum 

multi-function terminal 149 falls below a fourth predeter- d , q{ r switch H? in response t0 decrea ses in 

mined threshold, over-voltage comparator 321 generates the DC input Vf)ltage m S(ated differentl y 5 lhe maximum 

over-voltage signal 323 to enable the power supply. In one ^ |e ^ ^ratted to be 1 inversely proportional to the 

embodiment, the third predetermined threshold is greater curreQt (hat flows mtQ mu]ti . function lerminal 149 in one 

than the fourth predetermined threshold to provide hyster- " embodiment of the prcscnt inve ntion, 

esis. By providing hysteresis or a hysteretic threshold, Re back nG Qne embodiinenti the maxi . 

unwanted switching on and off of 0* power supply resulting ^ * ^ a within a fa of 33 { tQ 

from noise is reduced. In one embodiment, the third pre*- ?5 ^ on ^ amount of idve current that flows 

tenmncd threshold is approximately 225 m.croamps and the ^ mm ^ nction teraiinal 149 . £ one embodim ent, maxi- 

fourth predetermined thresho d is approximately 215 micro- 20 ^ f ^ ^ ^ tQ ^ 

amps In one embodiment^ the third and four h predeter- maximn ^ du J Je ^ thc amoum of currem tbat flows 

mined thresholds are selected to be approximately four o ^ multi _^ n terminal 149 rises above a threshold 

five times greater than the first predetermined threshold ^ In ^ embodimenlf that thresnold yalue is a i _ 

discussed above tor an AC mams input 103 01 approxi- „ . . n . ^ . ^ ^ . t . m „ v ' m , im 

„- , . .„ , r , l j- . n< mately 60 microamps. In one embodiment, the maximum 

mately 85 volts to 265 volts AC. In another embodiment, a * ^ ^ ^ . f ^ ^ ^ ^ Qf 

hysteretic threshold b not utilized. Thus the hysteres^ is mu f ti . f J unctio[) lermina , 149 In t f is casC) the maximum duty 

greater than or equal to zero. cyc]e fe fi)(ed a( ?5 percent in one em5odimenl of the present 

In one embodiment, power switch 147 is able to tolerate invention, 
higher voltages when not switching. When the power supply ]q Qne embodimentf enable/disable logic 329 receives as 
is disabled, power switch 147 does not switch. Therefore, it ^ on/off signal m UDder . vo ltage signal 319 and over- 
is appreciated that over-voltage comparator 321 helps to votta signal 323 In Qne embodimentj if any one of the 
protect the power supply 101 from unwanted input power under . voltage or over-voltage conditions exist, enable/ 
surges by disabling the power switch 147. disable logic 329 disables power supply 101. In one 

In one embodiment, over-voltage and under-voltage com- 35 embodiment, when the under-voltage and over-voltage con- 

parators 321 and 317 may also be used for on/off dilions are removed, enable/disable logic 329 enables power 

functionality, similar to on/off circuitry 309. In particular, supply 101. In one embodiment, power supply 101 may be 

multi-function terminal 149 may be switchably coupled to a enabled or disabled by starting and stopping, respectively, 

on/off control signal source to provide a positive current that me switching waveform 335 at the beginning of a switching 

flows into multi-function terminal 149 that cross the under- ^ cycle just before the power switch is to be turned on. In one 

voltage or over-voltage thresholds (going above the third or embodiment, enable/disable logic 329 generates enable/ 

below the fourth predetermined thresholds). For example, disable signal 331, which is received by the oscillator in the 

when the positive current through the multi-function pin control circuit 333 to start or stop the oscillator at the 

crosses above the first predetermined threshold of the under- beginning of a switching cycle of switching waveform 335. 

voltage comparator 317, the power supply will be enabled 45 Wnen enabled the oscillator will start a new on cycle of the 

and when the positive current goes below the second pre- switching waveform. When disabled thc oscillator will com- 

deterrained threshold of the under-voltage comparator 317, plete the current switching cycle and stop just before the 

the power supply is disabled. Similarly, when the positive beginning of the next cycle. 

current through the multi-function pin crosses above the !n one embodiment, control circuit 333 generates switch- 
third predetermined threshold of the over-voltage compara- J0 ing wave f 0 rm 335 to control power switch 147 in response 
tor 321, the power supply will be disabled and when the to a current ^nse signal received from drain terminal 141, 
positive current goes below the fourth predetermined thresh- enable/disable signal 331, maximum duty cycle adjustment 
old of the over-voltage comparator 321, the power supply is signaI 32 7, a control signal from control terminal 145 and 
enabled. external current limit adjustment signal 315. 

In one embodiment, maximum duty cycle adjuster 325 55 ] n one embodiment, the enable/disable signal can also be 

generates maximum duty cycle adjustment signal 327 in used to synchronize the oscillator in the control circuit to an 

response to the positive current sense signal 307. In one external on/off control signal source having a frequency less 

embodiment, maximum duty cycle adjustment signal 327, tban mat 0 f the oscillator. The on/off control signal can be 

which is received by control circuit 333, is used to adjust the input to the multi-function terminal through any of the three 

maximum duty cycle of the switching waveform 335 used to 60 patns that generate the enable/disable signal: on/off circuitry 

control power switch 147. In one embodiment, the maxi- 309, under-voltage comparator 317 or over-voltage com- 

mum duty cycle determines how long a power switch 147 parator321. As discussed, enable/disable the oscillator in the 

can be on during each cycle. For example, if the maximum control circuit 333, in one embodiment, begins a new 

duty cycle is 50 percent, the power switch 147 can be on for complete cycle of switching waveform at 335 using known 

a maximum of 50 percent of each cycle. 65 techniques in response to enable/disable signal 331, which 

Referring briefly for example to the power supply 101 of represents the on/off control signal at the multi-function 

FIG. 1, while power switch 147 is on, power is stored in the input. By turning the on/off control signal "on" at the 
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multi-function input for a fraction of the switching cycle and transistors 427 and 437 are coupled to control terminal 145. 

then "off," the oscillator is enabled to start a new complete Positive current sense signal 307 is generated at the gate and 

cycle. Therefore, if the external on/off control signal has drain of transistor 427. 

short "on" pulses at a frequency less than the oscillator in the ] n one embodiment, under-voltage comparator 317 

control circuit, the oscillator will produce a switching cycle 5 includes a current source 439 coupled between the drain of 

each time an on pulse is delected, thus providing a switching transistor 437 and ground. Under-voltage signal 319 is 

waveform that is synchronized to the external frequency. generated at the drain of transistor 437. 

In an alternate embodiment shown below in FIG. 7, the In one embodiment, over-voltage comparator 321 

enable/disable signal 331 directly disables or turns off the includes a current source 443 coupled between the drain of 

power switch through the AND gate 493 when an under- ™ transistor 441 and ground. Transistor 441 has a source 

voltage or over-voltage condition exists. In this coupled to control terminal 145 and agate coupled to receive 

embodiment, the power switch can be enabled or disabled in positive current sense signal 307. Over-voltage signal 323 is 

the middle of a cycle and consequently, synchronization of generated at the drain of transistor 441. 

the switching waveform through a on/off control signal at \ n orie embodiment, enable/disable logic 329 includes 

the multi-function input is not provided. 15 nor ga te 445 having an input coupled to receive under- 

FIG. 4 is a schematic of one embodiment of a power voltage signal 319 and an inverted input coupled to receive 
supply controller 139 in accordance with the teachings of the on/off signal 311. Enable/disable logic 329 also includes 
present invention. As illustrated, negative current sensor 301 NOR gate 447 having an input coupled to receive over- 
includes a current source 401 coupled to control terminal voltage signal 323 and an input coupled to an output of NOR 
145. Transistors 403 and 405 form a current mirror coupled 20 gate 445. Enable/disable signal 331 is generated at the 
to current source 401. In particular, transistor 403 has a output of NOR gate 447. 

source coupled to current source 401 and a gate and drain i n on e embodiment, maximum duly cycle adjuster 325 

coupled to the gate of transistor 405. The source of transistor includes a transistor 449 having a source coupled to control 

405 is also coupled to current source 401. Transistor 407 is terminal 145 and a gate coupled to receive positive current 

coupled between the drain and gate of transistor 403 and sense signal 307. Maximum duty cycle adjuster 325 also 

multi-function terminal 149, In one embodiment, the gate of includes a current source 453 coupled between the drain of 

transistor 407 is coupled to a band gap voltage V BG Plus a transistor 449 and ground. A diode 451 is coupled to the 

threshold voltage V m . In one embodiment, V BG is approxi- d ram 0 f transistor 449 to produce maximum duty cycle 

mately 1.25 volts, V TN is approximately 1.05 volts and ^ adjustment signal 327. 

Vbg+Vtn is approximately 2.3 volts. Transistors 411 and In one embodiment, power switch 147 includes a power 

413 also form a current mirror coupled to the drain of metal oxide semiconductor field effect transistor (MOSFET) 

transistor 405. In particular, the gate and drain of transistor 495 coup i ec j between drain tenninal 141 and source terminal 

411 are coupled to the drain of transistor 405 and the gate of 143 p ower MOSFET 495 has a gate coupled to receive a 

transistor 413. In one embodiment, negative current sense switching waveform 335 generated by pulse width modu- 

signal 303 is generated at the gate and drain of transistor 411. | ator 333 

The sources of transistors 411 and 413 are coupled to in one embodiment, control circuit 333 includes a resistor 

ground. In one embodiment, ground is provided through 455 [Q ^ contfol terminal 145 A trailsistor 457 nas 

source terminal 143. a mnrce coupled to resistor 455 and a negative input of a 

In one embodiment, on/off circuitry 309 includes a current 4Q comparator 459. A positive input of comparator 459 is 

source 409 coupled between the drain of transistor 413 and coupled to a voltage V, which in one embodiment is approxi- 

control terminal 145. In one embodiment, on/off signal 311 mately 5.7 volts. An output of comparator 459 is coupled to 

is generated at the drain of transistor 413. t he gate of transistor 457. The drain of transistor 457 is 

In one embodiment, external current limit adjuster 313 coupled to diode 451 and resistor 479. The other end resistor 

includes a current source 415 coupled between control 45 479 is coupled to ground. A filter is coupled across resistor 

terminal 145 and the drain of transistor 419 and the gate and 479. The filter includes a resistor 481 coupled to resistor 479 

drain of transistor 421. The source of transistor 419 and the and capacitor 483 coupled to resistor 481 and ground, 

source of transistor 421 are coupled to ground. The gate of Capacitor 483 is coupled to a positive input of comparator 

transistor 419 is coupled to receive negative current sense 477. 

signal 303. External current limit adjuster 313 also includes 50 In one embodiment, control circuit 333 is a pulse width 

a current source 417 coupled between control terminal 145 modulator, which has an oscillator 467 with three oscillating 

and the drain of transistor 423 and resistor 425. The source waveform outputs 471, 473 and 475. Oscillator 467 also 

of transistor 423 and resistor 425 are coupled to ground. includes an enable/disable input 469 coupled to receive 

External current limit adjustment signal 315 is generated at enable/disable signal 331. In one embodiment, control cir- 

the drain of transistor 423. 55 cuit 333 also includes a voltage divider including resistors 

In one embodiment, positive current sensor 305 includes 461 and 463 coupled between drain terminal 141 and 

transistor 429 having a source coupled to multi-function ground, A node between resistors 461 and 463 is coupled to 

terminal 149 and the current mirror formed with transistors a positive input of a comparator 465. A negative input of 

431 and 433. In particular, transistor 431 has a gate and drain comparator 465 is coupled to receive external current limit 

coupled to the drain of transistor 429 and the gate of 60 adjustment signal 315. 

transistor 433. Current source 435 is coupled between In one embodiment, oscillating waveform output 471 is 

ground and the sources of transistors 431 and 433. The gate coupled to a first input of AND gate 493. Oscillating 

of transistor 429 is coupled to band gap voltage V BG . The waveform output 473 is coupled to a set input of latch 491. 

drain of transistor 433 is coupled to the current mirror Oscillating waveform output 475 is coupled to a negative 

formed with transistors 427 and 437. In particular, the gate 65 input of comparator 477. An output of comparator 465 is 

and drain of transistor 427 are coupled to the gate of coupled to a first input of AND gate 487, A leading edge 

transistor 437 and the drain of transistor 433. The sources of blanking delay circuit 485 is coupled between the output of 
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NAND gate 493 and a second input of AND gate 487. In one The current flowing through transistor 421 is the difference 

embodiment, there is a gate driver or a buffer between the between the current supplied by current source 415 and the 

output of the NAND gate 493 and the gate of the MOSFET current flowing through transistor 419. For example, assume 

(not shown). An output of AND gate 487 is coupled to a first that the current supplied by current source 415 is equal to A. 

input of OR gate 489. A second input of OR gate 489 is s Assume further that the current flowing through transistor 

coupled to an output of comparator 477. An output of OR 4x9 ^ equal to B. In this case, the current flowing through 

gate 489 is coupled to a reset input of latch 491. An output transistor 421 is equal to A-B. 

of latch 491 * coupled te , a second input of AND gate 493. ^ illustratedj transistor 423 forras a current mirror with 

The output of AND gate 493 generates switching waveform tnnsistOT 42L Therefore, the current flowing through tran- 

335 * 10 sistor 423 is proportional to the current flowing through 

Operation of power supply controller 139 of FIG. 4 is as lransistor 421 , Continuing with the example above and 

follows. Beginning with negative current sensor 301, the assum i ng fonher that transistors 421 and 423 are equal in 

gate of transistor 407 is fixed at V^+V OT in one embodi- ^ the current flowing through transistor 423 is also equal 

ment to approximately 2.3 volts. As a result, transistor 407 to A _ B /^^^ fu rther that c^ent Murce 417 supplies a 

sets the voltage at multi-function terminal 149 to V Ba in one l5 currenl equal to t he current supplied by current source 415, 

embodiment, which is approximately 1.25 volts, when cur- which ^ assumed t0 ^ equal t0 ^ then , ne curreDt flowing 

rent is pulled out of multi- function terminal 149. This trough resistor 425 would be equal to A-(A-B), which is 

current may be referred to as negative current since the equal to B 

current is being pulled out of power supply controller 139 the current flowing th^gh ^tor 425 is 

In one embodiment, transistor 407 is sized such that it 20 t ional to the currem flowi , h h transistor 419j 

operates wnh a current density resulting m a voltage drop ^ fc ionaJ tQ ^ curren( flowi thl0Ugh tnm _ 

between the gate and source that is close to V^, wherein the ^ ^ ^ - s rtional to the tive current 

is the threshold of the N channel transistor 407, when „ * if- a .- * • 1 1^0 xt » *u ♦ t 

IJW . a c . . - . t . . . A ~ flowing out irom multi-function terminal 149, Note that it 

negative current flows from multi-function terminal 149. t a • t u u* „„•,.. jm v > ^ 

„,? , , , , , , ■ 1 j f the current flowing through transistor 419 is greater than the 

When an external resistor (not shown) is coupled from 7 t . til . B . a 

.... . , . ,„ v , {_ " , l> current supplied by current source 415, the current flowing 

multi-function terminal 149 to ground, the negative current ^ > ^ be zerQ ^ & ^ 

flowing through the external resistor will therefore be ^ ^ Qf ^ ^ m ^ £ {o 

divided by the value of the external resistor in accordance a imalel zef0 voits This wouJd resuit in 

with Ohm s law Ihis negative current flowing out from ^ m tQ be ^ ^ 

multi-function terminal 149 passes through transistors 403 30 t , f . f , . , , 

j . * , . t ^ . ni M through resistor 425 cannot be greater than the current 

and is mirrored on to transistor 405. Current source 401 , , . ... TT 0 , „ . . 

r .u *• 7 au i.- a ** . • supplied by current source 417. However, as long as B is less 

limits the negative current sourced by multi-function termi- .u a .l * a, . a *u u ■ ♦ %e ■ 1 

! < 4ft ^ * -r 1.- t ■ • . 1 4ft • than A, the current that flows through resistor 425 is equal 

nal 149. I neretore. even it multi-runction terminal 149 is „ re . , A lL t it _ t a , 

j . * l . ., , . . to B. If B rises above A, the current that flows through 

short-circuited to ground, the current is limited to a current . . , * 

1 * 1 . » t „ AM tt.. resistor 425 is equal to A. 

less than the current supplied by current source 401. This i< ^ 

current is less than the current source 401 by an amount that In one embodiment, KSistor 425 ^ fabricated using the 

flows through the transistor 405. In one embodiment, the same or smnlar of processes and diffusions or doped 

negative current that can be drawn from the multi- function r fg lons used ,Q fabricating power MOSFET 495. As a result, 

terminal is limited to 200 microamps by the current source lhe on resistance of resHtor 425 follows or tracks the on 

401. In one embodiment, if more negative current than 40 resistance of power MOSFET 495 through varying operat- 

current source 401 is able to supply is pulled from multi- m S conditions and processing variations, 

function terminal 149, the voltage at multi-function terminal The voltage across resistor 425 is reflected id external 

149 collapses to approximately 0 volts. current limit adjuster signal 315, which is input to the 

The current that flows through transistor 403 is mirrored negative input of comparator 465. In one embodiment, the 

to transistor 405. The current that flows through transistors 45 ne S ative in P ut o£ c °mpa rator 465 is the threshold input of 

405 and 411 is the same since they are coupled in series. comparator 465. Therefore, the negative input of comparator 

Since transistors 411 and 413 form a current mirror, the 465 rece »ves a voltage proportional to the negative current 

current flowing through transistor 413 is proportional to the flowin S out of multi -function terminal 149 multiplied by the 

negative current flowing through multi-function terminal resistance of resistor 425. 

149. The current flowing through transistor 413 is compared so The positive input of comparator 465 is coupled to drain 
to the current provided by current source 409. If the current terminal 141 through resistor 461 of the voltage divider 
through transistor 413 is greater than the current supplied by formed by resistor 461 and resistor 463. Therefore, the 
current source 409, the signal at the drain of transistor 413 positive input of comparator 465 senses a voltage propor- 
will go low, which in one embodiment enables the power tional to the drain current of power MOSFET 495 multiplied 
supply. Indeed, on/off signal 311 is received at an inverted 55 b y the on resistance of power MOSFET 495. 
input of NOR gate 445. Thus, when on/off signal 311 is low, When the voltage at the positive terminal of comparator 
the power supply is enabled. Therefore, by having a negative 465 rises above the voltage provided by external current 
current greater than a particular threshold value, the power limit adjuster signal 315 to the negative terminal of corn- 
supply of the present invention is enabled in one embodi- parator 465, the output of comparator 465 is configured to 
ment. In one embodiment, the magnitude of that particular 60 reset latch 491 through AND gate 487 and OR gate 489. By 
threshold value is approximately 50 microamps. resetting latch 491, the on portion of a cycle of waveform 
As mentioned above, the current flowing through transis- 335 received at the gate of power MOSFET 495 is masked 
tor 411 is proportional to the negative current flowing out or cut short, which results in turning off power MOSFET 
from multi-function terminal 149. As illustrated, transistor 495 when the amount of current flowing through power 
419 also forms a current mirror with transistor 411. 65 switch 147 rises above the threshold. 
Therefore, the current flowing through transistor 419 is In one embodiment, AND gate 487 also receives input 
proportional to the current flowing through transistor 411. from leading edge blanking delay circuitry 485. In one 
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embodiment, leading edge blanking delay circuitry 485, 
using known techniques, temporarily disables current limit 
detection at the start, or during the leading edge portion, of 
an on transition of power MOSFET495. 

As shown in the embodiment illustrated in FIG. 4, latch 5 
491 is set at the beginning of each cycle by switching 
waveform output 473. One way that latch 491 is reset, 
thereby turning off power MOSFET 495, is through the 
output of comparator 465. Another way to reset latch 491 is 
through the output of comparator 477, which will be dis- 10 
cussed below in connection with maximum duty cycle 
adjuster 325. 

With regard to positive current sensor 305, the gate of 
transistor 429 is coupled to the band gap voltage V^. In one 
embodiment, transistor 429 is sized such that it operates with 35 
a current density resulting in a drop between the source and 
gate close to which is threshold of the P channel 
transistor 429, when positive current flows into multi- 
function terminal 149. In one embodiment, current that 
flows into multi-function terminal 149 is referred to as 20 
positive current since the current is being fed into the power 
supply controller 139. As a result, the voltage at multi- 
function terminal 149 is fixed at approximately Vjj C +V rjJ 
when positive current flows into multi-function terminal 
149. 25 

The gate voltages on the transistors 407 and 429 chosen 
in the embodiment discussed above are such that only one of 
transistors 407 and 429 are switched on at a time depending 
on the polarity of the current at the multi-function terminal. 3Q 
Stated differently, if transistor 407 is on, transistor 429 is off. 
If transistor 429 is on, transistor 407 is off. As result, if 
negative current sensor 301 is on, positive current sensor 
305 is isolated from multi-function terminal 149. If positive 
current sensor 305 is on, negative current sensor 301 is 3J 
isolated from multi-function terminal 149. Therefore, if 
there is negative current flowing through multi-function 
terminal 149, positive current sensor 305 is disabled. If there 
is positive current flowing through multi-function terminal 
149, negative current sensor 301 is disabled. 40 

In one embodiment, the positive current that flows into 
transistor 429 flows through transistor 431 since they are 
coupled in series. The positive current through multi- 
function terminal 149 flows into and is limited by current 
source 435. In one embodiment, if the positive current 45 
through multi-function terminal 149 is greater than an 
amount that current source 435 can sink minus the current in 
transistor 433, then the voltage at multi-function terminal 
149 will rise and is clamped either by the circuitry driving 
the current or by the standard clamping circuitry that is used 50 
for protection purposes on external terminals such as the 
mulii-function terminal, of a power supply controller. As 
shown, transistors 431 and 433 form a current mirror. 
Therefore, the current flowing through transistor 433 is 
proportional to the positive current that flows through tran- 55 
sistor 431. The current that flows through the transistor 433 
flows to transistor 427 since they are coupled in series. As 
shown, the gate of transistor 427 is coupled to the drain of 
transistor 427, which generates positive current sense signal 
307. 60 

Transistors 427 and 437 form a current mirror since the 
gate and drain of transistor 427 are coupled to the gate of 
transistor 437. Therefore, the current flowing through tran- 
sistor 437 is proportional to the current flowing through 
transistor 427, which is proportional to the positive current. 65 
Current source 439 provides a reference current, which is 
compared to the current that flows through transistor 437. If 
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the current flowing through transistor 437 rises above the 
current provided by current source 439, then the voltage at 
the drain of transistor 437, which is the under- voltage signal 
319, goes high. When under-voltage signal 319 goes high 
and the output of NOR gate 445 will go low, indicating that 
there is no under-voltage condition. 

Transistors 427 and 441 also form a current mirror since 
the gate and drain of transistor 427 are coupled to the gate 
of transistor 441. Therefore, the current flowing through 
transistor 441 is proportional to the current flowing through 
the transistor 427, which is proportional to the positive 
current. Current source 443 provides a reference current, 
which is compared to current that flows through transistor 
441. As long as the current flowing through transistor 441 
stays below the current provided by current source 443, then 
the voltage at the drain of transistor 441, which is the 
over-voltage sigDal 323, remains low. When over-voltage 
signal 323 remains low, the output of NOR gate 447 remains 
high assuming that there was no under-voltage condition 
indicated by under-voltage signal 319 and no remote off 
condition indicated by on/off signal 311. 

The output of NOR gate 447 is enable/disable signal 331. 
In one embodiment, enable/disable signal 331 is high if 
on/off signal 311 is low, or under-voltage signal 319 is high 
and over-voltage signal 323 is low. Otherwise, enable/ 
disable signal 331 is low. 

In one embodiment, the oscillator 467 receives enable/ 
disable signal 331 al the slart/stop input 469. In one 
embodiment, oscillator 467 generates oscillating waveforms 
at oscillating waveform outputs 471, 473 and 475 while 
enable/disable signal 331 is high or active. In one 
embodiment, oscillator 467 does not generate the oscillating 
waveforms at oscillating waveform outputs 471, 473 and 
475 while enable/disable signal 331 is low or in-active. In 
one embodiment, oscillator 467 begins generating oscillat- 
ing waveforms starting with new complete cycles on a rising 
edge of enable/disable signal 331. In one embodiment, 
oscillator 467 completes existing cycles of the oscillating 
waveforms generated at oscillating waveform outputs 471, 
473 and 475 before stopping the waveforms in response to 
a falling edge of enable/disable signal 331. That is, oscillator 
467 stops generating the waveforms at a point just before the 
start of an on time of power switch of the next cycle in 
response to a falling edge of enable/disable signal 331. 

In one embodiment, control terminal 145 supplies power 
to the circuitry of power supply controller 139 and also 
provides feedback to modulate the duty cycle of switching 
waveform 335. In one embodiment, control terminal 145 is 
coupled to the output of the power supply 101 through a 
feedback circuit to regulate the output voltage of the power 
supply 101. In one embodiment, an increase in the output 
voltage of power supply 101 results in the reduction in the 
duty cycle of switching waveform 335 through feedback 
received through control terminal 145. Therefore, if the 
regulation level of the output parameter of power supply 101 
that is being controlled, such as output voltage or current or 
power, is exceeded during operation, additional feedback 
current is received through control terminal 145. This feed- 
back current flows through resistor 455 and through a shunt 
regulator formed by transistor 457 and comparator 459. If no 
feedback current or control terminal current in excess of 
supply current is received through control terminal 145, the 
current through transistor 457 is zero. If the current through 
transistor 457 is zero, and assuming for the time being that 
there is no current through the diode 451, the current through 
resistor 479 is zero. If there is no current flowing through 
resistor 479, then the voltage drop across resistor 479 is zero. 
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If there is no voltage drop across resistor 479, Ihere is no When current begins to flows through diode 451, that 
voltage drop across capacitor 483. As a result, the output of current will be combined with current that flows through 
comparator 477 will remain low. If the output of comparator transistor 457. In one embodiment, the current that flows 
477 remains low, and assuming for the time being that the through diode 451 is maximum duty cycle adjustment signal 
output of AND gate 487 remains low, the output of latch 491 5 327. The current flowing through transistor 457 and diode 
will remain high. In this case, the maximum duty cycle 451 w ;i] fl ow through resistor 479. As discussed in detail 
signal, which is produced by oscillator waveform output aboV6j current tnat fi ows through resistor 479 will result in 
471, will be generated at the output of AND gate 493, Thus, tfJ6 vo]tage drop across resistor 479> which results in a 
switching waveform 335 will have the maximum duty cycle reduction in the maximum duty cycle of switching wave- 
produced by oscillator waveform output 471. 10 form 335 M the curreot that flows througrj resistor 479 
Therefore, when the voltage drop across resistor 479 increases, the maximum duty cycle of switching waveform 
remains at zero, the maximum duty cycle produced at 335 w m be decreased. 

oscillator waveform output 471 is not limiteo\ assuming that HG 5 is a ^ musiming some of the currents, 

the output of AND gate 487 remains low. This is because yolt aQd dm leg wilh the power supply 

atch 491 is not reset through the output of comparator 477 35 controller 139 in accordance with teachings of the present 

However, when the feedback current or control terminal inwatioxL In particu ] arj diagram 501 illustrates when the 

current in excess to the supply current is received through { i& enabled m rehtion t0 tne k , of 

control terminal 145, this feedback current flows through ^.^^ terminal m The x-axis represents the posi- 

transistor 457. As the amount of current flowing through the tive or (ive current flowing intQ Q{ out of ^.f^ion 

transistor 457 increases, the voltage drop across resistor 479 20 149 M illuslrated5 ^ positive inpul current rises 

increases correspondingly. As a voltage drop across resistor from ZQTQ ^ crosses over 50 microamps, power supply 

479 increases, the voltage drop across capacitor 483 will controUer 139 b one embodiment is enabled. At this time, 

increase. In any given cycle when the voltage on the an under . vo]lage condition ^ removcd< If thc current is 

oscillating waveform output 475 crosses below the voltage aboye 50 microa s bllt then falls bdow zero micr oamps, 

across the capacitor 483 the output of the comparator wdl go 35 powef supply cootroller 139 ^ disabJed At tbis limej an 

Ingh and terminate the on-time of the swatching waveform under -voltage condition is detected. The difference between 

335 or turn off the power sw.tch 495. As a result the duty 5Q mic s and ^ microamps provides hysteresis, 

cycle (on time as a fraction of the cycle time) of the which ides for more ^ ion duH ^ Qr 

switching waveform 335 decreases W1 th mcrease ,n voltage - , £ ^^ons in the input current . 

drop across resistor 479. 30 , . , . it _ 

, ,. t , .„ . „ ..... As the input current rises above 225 microamps, the 

In one embodiment, the oscillating waveform at oscillat- . . , , , At ... , u „ 

e , . \-- . . & ,, e u • power supply is disabled. At this time, an over-voltage 

mg waveform output 475 is a sawtooth waveform having a y detected when the { current &Us b& % 

duty cycle and period equal to the maximum duty cycle microamps, the power supply is re-enabled. At 

waveform generated at osciUatmg waveform ou put 471 As ^ ti ^ over . v F olt £ onditio /£ ^ed. The dif- 

the voltage drop across resistor 479 increases, the output of 35 P , , . m , ... „. „ 

7 -ii . » . , c . ference between 225 microamps and 2lD microamps pro- 
comparator 477 will go high closer to the beginning or each J . . • U- L 'J c , . , 

1 «ti- iL $ , u t * l. vides hysteresis, which provides for more stable operation 
cycle. When the output of comparator 477 goes high, latch . . J . , j... - t . t 
At 'ii t . *on iu7 1 1 *m • during noise or ripple conditions in the input current. 
491 will be reset through NOR gate 489. When latch 491 is & vv v 
reset, the on time of the of switching waveform 335 is Continuing with diagram 501, when the negative current 
terminated for that particular cycle and switching waveform 40 that flows out from multi-function terminal 149 rises m 
335 remains low for the remainder of that particular cycle. magnitude to a level above 50 microamps, which is illus- 
Latch 491 will not be set again until the beginning of the traled as " 50 microamps in FIG. 5, the power supply is 
next cycle through switching waveform output 473, assum- enabled - At this time > the on/off f ea ^ of * e P resent 
ing that there is a high or active enable/disable signal 331. invention turns on the power supply. When the negative 
Referring now to maximum duty cycle adjuster signal 45 current falls in magnitude to a level below 40 microamps, 
325, transistor 449 includes a source coupled to control wh * h 1S a A S ™]™™P* ™ ™; 5 ' the P° w f 
terminal 145 and a gate coupled the gate and drain of SU PP^ 15 disabled ' At time, the on/off feature of the 
transistor 427 to receive positive current sense signal 307. P resent mention turns off the power supply. The difference 
Transistor 449 and transistor 427 also form a current mirror. ^ etween " 5< ? . microamps and -40 microamps provides 
Therefore, the current flowing through transistor 449 is 50 hysteresis, which provides for more stable operation during 
proportional to the current flowing through transistor 427, nojse or n ?P le «™J»™s * * e »P« current, 
which is proportional to the positive current flowing into ]t * s worthwhile to note that in one embodiment the 
multi-function terminal 149. The current that flows through positive input current is clamped at 300 microamps and that 
diode 451 is the difference between the current that flows foe negative input current is clamped at 200 microamps. The 
through transistor 449 and the current that flows into current 55 positive input current would be clamped at 300 microamps 
source 453. The current that flows througb current source w h en > fo f example, the multi-function terminal 149 is short- 
453 is set such that current will not begin to flow through circuited to a supply voltage. The negative inpul current 
diode 451 until the current flowing through transistor 449 would be clamped at 200 microamps when, for example, the 
rises above a threshold. In one embodiment, the above multi-function terminal is short-circuited to ground, 
threshold value is chosen such that the maximum duty cycle 60 In diagram 503, the current limit through power switch 
is not reduced until the positive current flowing into multi- . 147 as adjusted by the present invention is illustrated. Note 
function terminal 149 rises above the threshold used for that the hysteresis of the under-voltage and over-voltage 
under-voltage comparison. In one embodiment, the thresh- conditions are illustrated from zero microamps to 50 micro- 
old positive current used for under-voltage comparison is amps and from 215 microamps to 225 microamps, respec- 
approximately 50 microamps and the threshold positive 65 tively. In one embodiment, when positive input current is 
current used for maximum duty cycle adjustment is approxi- provided into raulti -function terminal 149 and there is 
mately 60 microamps. neither an under-voltage condition nor an over- voltage 
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condition, the current limit through power switch 147 is 3 signal, which is received by AND gate 493. Enable/disable 
amps. However, when negative current flows out from signal 331, which is received at enable/disable input 469 of 
multi-function terminal 149, and the magnitude of the nega- oscillator 467, is also illustrated. In FIG. 6A, the enable/ 
tive current rises above 50 microamps, which is illustrated disable signal 331 is active. Therefore, the sawtooth wave- 
as -50 microamps in FIG. 5, the current limit through power 5 form of oscillating waveform output 475 and the maximum 
switch 149 is approximately 1 amp. As the magnitude of the duty cycle waveform of oscillating waveform output 471 are 
negative current rises to 150 microamps, which is illustrated generated. Note that the sawtooth waveform and the maxi- 
as -150 microamps in FIG. 5, the current limit through mum duty cycle waveform have the same frequency and 
power switch 149 rises proportionally with the negative period. One cycle of each of these waveform occurs between 
current to 3 amps. After the magnitude of the negative J0 time 601 and time 605. The peak of the sawtooth waveform 
current rises above 150 microamps, the current limit of the occurs at the same time as the rising edge of the maximum 
power switch 149 remains fixed at 3 amps. Note that there duty cycle waveform. This aspect is illustrated at time 601 
is also the on/off hysteresis between -50 microamps and -40 and at time 605. The lowest point of the sawtooth waveform 
microamps in diagram 503 occurs at the same time as the falling edge of the maximum 
Diagram 505 illustrates the maximum duty cycle setting 15 ^ty cycle waveform This aspect is illustrated at time 603. 
of power supply controller 139 in relation to the input Referring now to HG , 6B, a timing diagram dlustratmg 
current. Note that the hysteresis from -50 microamps to -40 embodiment of the waveforms of a power supply 

£ . <- m ca „; w ™!««o ™a controller in accordance with teachings of the present wven- 

microamps, irom 2ero microamps to 50 microamps and , . . , r .. -.^v-, .. ^ ftft „, r 

„ , %' , . j - j tion is shown. From time 607 to time 609, the enable/disable 

from to 215 microamps to 225 microamps as discussed &[ } ^ fc ^ Qf , n one embodimentj a low 

above is included. In the embodiment ^illustrated in diagram 2Q enable , disable si j 331 disables tne { A high 
505, the maximum duty cycle is fixed at 75 percent until a or active enablc/disable signal 331 enabi es the power supply, 
positive input current of 60 microamps is reached. As the At time 609j the rising edge of enable/disable signal 331 
input current continues to increase, the maximum duty cycle occurs At lhis timej 0SC iUating waveform outputs 475 and 
continues to decrease until an input current of 225 micro- 471 begin generating the sawtooth waveform and maximum 
amps is reached, at which time the maximum duty cycle has 25 duty cycle waveform, respectively. Note that a new corn- 
been reduced to 33 percent. As illustrated, between 60 pfete cycle of each of these waveforms is generated in 
microamps and 225 microamps, the maximum duty cycle is response to the rising edge of enable/disable signal 331 at 
inversely proportional to the positive input current. Note that time 609. 

when negative current flows through rmilti -function terminal From time 609 to time 611, enable/disable signal 331 

149, and when the power supply is enabled, the maximum 3 0 remains high or active. Thus, during this time, the sawtooth 

duty cycle in one embodiment is fixed at 75 percent. waveform and maximum duty cycle waveform arc continu- 

Diagram 507 illustrates the voltage at muki- function ously generated, 

terminal, which is labeled in diagram 507 as line sense At lime 611, a falling edge of enable/disable signal 331 

voltage, in relation to the input current. When negative occurs. Before oscillator 467 discontinues generating the 

current is flowing from multi-function terminal 149, the 35 sawtooth waveform and the maximum duty cycle waveform, 

voltage at multi-function terminal 149 is fixed at the band the existing cycles of each of these waveforms are allowed 

gap voltage V BG , which in one embodiment is 1.25 volts. to complete. Stated differently, generation of the sawtooth 

When positive current is flowing into multi-function termi- waveform and the maximum duty cycle waveform is dis- 

nal 149, the voltage at multi-function terminal is fixed at the continued at a point just before the start of the on-time of the 

band gap voltage V BC plus a threshold voltage V rp , which 40 switching waveform 335 or the on -time of the power switch 

in one embodiment sum to 2.3 volts. In the event that a of the next cycle. This point in time is illustrated in FIG. 6B 

negative current having a magnitude of more than 200 at time 613. Note thai after time 613, the sawtooth waveform 

microamps is attempted to be drawn out of the multi- remains inactive at a high value and the maximum duty 

function terminal 149, the voltage at multi-function terminal cycle waveform remains inactive at a low value. 

149 drops to approximately zero volts. In the event that a 45 At time 615, another rising edge of enable/disable signal 

positive current of more than 300 microamps flows into 331 occurs. Therefore, the sawtooth waveform and the 

multi-function terminal 149, the voltage at multi-function maximum duty cycle waveform are generated beginning at 

terminal 149 rises. In this case, the voltage will be limited by a new complete cycle of each waveform. As illustrated in 

either by a standard clamp used at the multi- function ter- FIG. 6B, a falling edge of enable/disable signal 331 occurs 

minal for the purpose of protection or by the external 50 at time 617, which is immediately after the rising edge, 

circuitry driving the multi-function terminal, whichever is However, the sawtooth waveform and maximum duty cycle 

lower in voltage. waveforms are allowed to complete their then existing 

It is appreciated that the currents, voltages, duty cycle cycles. This occurs at time 619. After time 619, the wave- 
settings and hysteresis settings described in connection with forms remains inactive as shown during the time between 
the present invention are given for explanation purposes 55 time 619 and time 621, which is when another rising edge 
only and that other values may be selected in accordance of enable/disable signal 331 occurs. At time 621, another 
with teachings of the present invention. For example, in new complete cycle of the sawtooth waveform and the 
other embodiments, non hysteretic thresholds may be uti- maximum duty cycle waveform are generated. Since enable/ 
lized. Thus the hysteresis values may be greater than or disable signal 331 is deactivated at time 623, which occurs 
equal to zero. 60 during a cycle of the sawtooth waveform and the maximum 

FIG. 6A is timing diagram illustrating one embodiment of duty cycle waveform, these waveforms are deactivated after 

some of the waveforms of a power supply controller in fully completing their respective cycles. Thus, by pulsing 

accordance with teachings of the present invention. Refer- the on/off control signal at the multi -function terminal it is 

ring to both FIGS. 4 and 6 A, oscillating waveform output possible to synchronize the oscillator to the on/off pulse 

475 of oscillator 467 generates a sawtooth waveform, which 65 frequency. 

is received by comparator 477. Oscillating waveform output FIG. 7 is a schematic of another embodiment of a power 

471 of oscillator 467 generates a maximum duty cycle supply controller 139 in accordance with the teachings of the 
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present invention, The power supply controller schematic that the switching waveform is coupled to limit the current 

shown in FIG. 7 is similar to the power supply controller through the power switch. 

schematic discussed above in FIG. 4. The primary difference 7. The power supply controller circuit of claim 1 wherein 

between the power supply controller of FIGS, 4 and 7 is thai the current limit of the current through the power switch is 

oscillator 467 of FIG. 7 does not have an enable/disable 5 adjusted by the current when the current limit of the current 

input 469 coupled to receive enable/disable signal 331, As through the power switch is below a predetermined maxi- 

shown in the embodiment depicted in FIG. 7, the enable/ mum level. 

disable signal 331 is used to directly gate the switching 8, The power supply controller circuit of claim 7 wherein 

waveform at the input of AND gate 493, In this embodiment, the current limit of the current through the power switch is 

the oscillator 467 is running all the time and switching 1Q fixed at the predetermined maximum level for magnitudes of 

waveform 335 will be gated on and off at any point in the the currents that are higher than the current value corre- 

cycle in response to the enable/disable signal 331. sponding to the predetermined maximum level. 

To illustrate, FIG. 8 shows one embodiment of timing 9 * ™* P ower su PP ] y controller of claim 1, wherein the 

diagrams of switching waveforms of the power supply CTCU * also g™eratta an enable/dzsable signal that 

controller illustrated in FIG. 7. Referring to both FIGS. 7 55 deactivates the power supply when the magnitude of the 

JO M1 e , t ~ ... t ACn 3i current is below an on/off threshold, the on/off threshold 

and 8 Mediating waveform output 475 of oscillator 467 & ^ flf ^ Qr ; 

generates a sawtooth waveform, which is received by com- 1Q ^ ^ supply controller circuit of claim 9 further 

parator 477. Oscillating waveform output 471 of oscillator an osc ji] al0 r circuit coupled to an enable/disable 

467 generates a maximum duty cycle signal, which is signalj lhe osci n alor circuil to stan and slop generating a 

received by AND gate 493. Enable/disable signal 331, which 20 sw i tcning wave form in response to the current crossing the 

is received by AND gate 493, and the output of AND gate on/off threshold. 

493, which is switching waveform 335, are also illustrated. n t xh e po Wer supply controller circuit of claim 10 

In FIG. 8, the enable/disable signal 331 is active only some wherein lhe oscillator circuil is lo complete an existing cycle 

of the lime. Therefore, the switching waveform 335 is of the switching waveform before the oscillator is to stop 

switching only during Ihose portions of time that the enable/ 25 generating the switching waveform in response to the 

disable signal 331 is active. When the enable/disable signal enable /disable signal. 

331 is not active, switching waveform 335 does not switch. 12, The power supply controller circuit of claim 10 

In the foregoing detailed description, the method and wherein the oscillator circuit is to start a new complete cycle 

apparatus of the present invention has been described with of the switching waveform if the oscillator circuit is to start 

reference to specific exemplary embodiments thereof. It 30 generating the switching waveform in response to the 

will, however, be evident that various modifications and enable/disable signal. 

changes may be made thereto without departing from the 13. The power supply controller circuit of claim 1, 

broader spirit and scope of the present invention. The wherein the current is received by the current input circuit on 

present specification and figures are accordingly to be a low impedance terminal that has a reference voltage with 

regarded as illustrative rather than restrictive. 35 respect to ground. 

What is claimed is: 14. The power supply controller in claim 13, wherein the 

1. A power supply controller circuit, comprising; current limit of the power switch is set by the value of 
a current input circuit coupled to receive a current for resistance connected between the reference voltage on the 

adjusting a current limit of a power switch, the current low impedance terminal and ground, 

input circuit to generate a current limit adjustment 40 15. A method for controlling a power supply, comprising: 

signal in response to the current; and supplying a first current from a first terminal of a power 

a control circuit coupled to receive the current limit supply controller; 

adjustment signal, the control circuit coupled to adjust deactivating the power supply if the first current supplied 

the current limit of a current through the power switch from the first terminal falls below a first threshold 

in response to the current limit adjustment signal, 45 value; and 

2. The power supply controller circuit of claim 1 wherein activating the power supply if the first current supplied 
the power switch is coupled to a primary winding of the from the first terminal rises above a second threshold 
power supply. value. 

3. The power supply controller circuit of claim 1 wherein 16. The method of claim 15 wherein deactivating the 
the control circuit is a pulse width modulation circuit that 50 power supply comprises stopping a switching waveform to 
generates a switching waveform coupled to be received by control a power switch coupled to a primary winding of the 
the power switch to regulate a power supply output. power supply. 

4. The power supply controller of claim 3 wherein the 17. The method of claim 15 wherein activating the power 
current is representative of a feedback signal from the power supply comprises starling a switching waveform to control 
supply output, wherein a power supply voltage is regulated 55 a power switch coupled to a primary winding of the power 
through current limit adjustment of the power switch in supply. 

response to the feedback signal. 18. The method of claim 17 wherein starting the switching 

5. The power supply controller of claim 3 wherein the waveform includes starting a new complete cycle of the 
control circuit includes a first comparator coupled to com- switching waveform. 

pare a voltage representative of the current through the 60 19. The method of claim 15 wherein the second threshold 

power switch with the current limit adjustment signal such value is greater than the first threshold value, 

that the power switch is disabled in response to an output of 20. The method of claim 15 further comprising limiting 

the first comparator when the current limit set by the current the first current supplied from the first terminal to a maxi- 

limit adjustment signal is exceeded. mum value, 

6. The power supply controller of claim 5 wherein lhe 65 21. The method of claim 16 wherein stopping the switch- 
control circuit is to generate said switching waveform con- ing waveform includes allowing to complete an existing 
trolled in response to the output of the firsl comparator such cycle of the switching waveform. 
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22. The method of claim 15 further comprising coupling 
a switch between the first terminal and ground. 

23. The method of claim 15 further comprising coupling 
a variable resistance between the first terminal and ground. 

24. A method for controlling a power supply, comprising: 
supplying a first current from a first terminal of a power 

supply controller ; 
controlling a second current flowing through a primary 

winding of the power supply with a power switch 

coupled to the primary winding; and 
adjusting a current limit of the second current in response 

to the first current. 

25. The method of claim 24 wherein adjusting the current 
limit of the second current comprises increasing the current 
limit of the second current in response to an increase in the 
first current. 

26. The method of claim 24, wherein adjusting the current 
limit of the second current comprises decreasing the current 
limit of the second current in response to a decrease in the 
first current. 
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27- The method of claim 24 further comprising coupling 
a resistance between the first terminal and ground. 

28. The method of claim 24 wherein controlling a second 
current flowing through the primary winding comprises: 

switching the power switch in response to a switching 
waveform; and 

adjusting the switching waveform in response to the first 
current. 

29. The method of claim 28 wherein adjusting the switch- 
ing waveform comprises: 

generating a first voltage in response to the first current; 

generating a second voltage in response to the second 
current; and 

adjusting the switching waveform in response lo a com- 
parison of the first voltage and the second voltage. 
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GENERAL ALLEGATIONS 

9. Power Integrations' products include its TOPSwitch®, TinySwitch®, LinkSwitch®, 
and DP A-Switch families of power conversion integrated circuit devices, which are used in power 
supplies for electronic devices such as cellular telephones, LCD monitors, and computers. These 
products are sold throughout the United States, including California, 

1 0. Defendants manufacture power supply controller integrated circuit devices (e.g., 
devices intended for use in power conversion applications such as LCD monitor power supplies, 
off-line power supplies or battery chargers for portable electronics), and directly, and through their 
affiliates, make, use, import, sell, and offer to sell the same throughout the United States, including 
California. Defendants also support and encourage others to import, use, offer for sale, and sell 
throughout the United States, including California, products incorporating Defendants' integrated 
circuit devices. 

FIRST CAUSE OF ACTION 
INFRINGEMENT OF U.S. PATENT NO. 6,35138 

1 1 . The allegations of paragraphs 1 - 1 0 are incorporated for this First Cause of Action as 
though fully set forth herein. 

12. Power Integrations is now, and has been since its issuance, the assignee and sole 
owner of all right, title, and interest in United States Patent No. 6,351,398, entitled "Method and 
Apparatus Providing a Multi-Function Terminal for a Power Supply Controller" ("the '398 patent") 

/ 

which was duly and legally issued on February 26, 2002. A true and correct copy of the '398 patent 
is attached hereto as Exhibit A. / 

13. On June 28, 2004, Power Integrations filed a complaint for patent infringement 

/ 

against SG in this District because SG was infringing several Power Integrations patents, including 

/ 

the '398 patent. Thereafter, Power Integrations filed a similar complaint for patent infringement 

/ 

with the U.S. International Trade Commission ("ITC") in an effort to obtain expedited relief to 

/ 

prevent continued infringement through importation of the infringing products into the United 

/ 

States. The District Court case was stayed pending the proceedings in the ITC. The/ITC instituted 
an investigation, and a hearing was held before an Administrative Law Judge ("ALT), who found 
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(57) ABSTRACT 

A power supply controller having a multi-function terminal. 
In one embodiment, a power supply controller for switched 
mode power supply includes a drain terminal, a source 
terminal, a control terminal and a multi-function terminal. 
The multi-function tenninal may be configured in a plurality 
of ways providing any one or some of a plurality of functions 
including on/off control, external current limit adjustments, 
under- voltage detection, over- voltage detection and maxi- 
mum duty cycle adjustment. The operation of the multi- 
function terminal varies depending on whether a positive or 
aegative current flows through the multi-function terminal. 
A short-circuit to ground from the multi -function termina] 
enables the power supply controller. A short-circuit to a sup- 
ply voltage from the multi -function terrninal disables the 
power supply controller. The current limit of an internal 
power switch of the power supply controller may be adjusted 
by externally setting a negative current from the multi- 
function terminal. The muJti -function terminal may also be 
coupled to the input DC line voltage of the power supply 
through a resistance to detect an under- voltage condition, an 
over- voltage condition and/or adjust the maximum duty 
cycle of power supply controller. Synchronization of the 
oscillator of the power supply controller may also be real- 
ized by switching the multi-function terminal to power or 
ground at the desired times. 




US 6,351,398 CI 

Page 2 



U.S. PATENT DOCUMENTS 



A fl7Q ^Qfi 4 


3/1978 


CheOg et al. 






Koizumi 


4 146 832 A 


3/1979 


McConnell 


d i c£ 77-1 * 




Sato 




2/1981 


rlareyama 


A tA'i fLAA A 




Zellrner 


t,— DJ,DJj A 


4/1981 


Cnappetl, Jr. 






Doltkiim 




M/IORI 






2/1982 


Snyder 


4 347 559 A 


8/1982 


Sturgeon 


A £fW 7fi7 A 


8/1983 




4,415,960 A 


1 1/1983 


Clark, Jr. 


d Ad"! <M 1 A 


5/1984 


Kent 


4 450 514 A 


5/1984 


Peruth 






Froeschle 


A A^Q f\Z\ A 


7/1984 




d 47Q 1 1A A 
Hit /:*, 1 /H A 


10/1984 


Cates* 


4,jJ0, /UU A 


8/1985 


Bello et al. 






Park et al. 


A Am A 
4, J /5,0jU A 






y| <01 1A1 A 

QfjyjiJQJ A 




Peruth et al. 


4,o4y,4o4 A 


3/1987 




4,672,518 A 


6/1987 


Murdocfc 


A £.70 Ml A 




Filliman 




wiys / 


Steigerwald et al 


J 717 GO/1 A 




Diaz et al. 


4,/jj,w4 A 


3/iyss 


Steigerwald et al 


4, /jy,4Dj A 


4/ J 988 


Asano et al. 


J no A 
£ l,fDj,i;j8 A 


8/ 1988 


Maige 


H,f 04,840 A 


8/195S 


Go 


4 772 995 A 


9/1988 


Gautherbi et al. 


*t,ouy,iju a 


2/1989 


Limuti et al. 


4 819 122 A 


4/1989 


Gontowski, Jr. 


A 871 fJ7fl A 


4/1989 


Nelson 




7/1989 


Tanuma et al. 


-J QTR 700 A 


5/1990 


Redl et al. 


4 937 728 A 


6/1990 


Leonardi 


4,942,508 A 


7/1990 


NaJcamura 


t^jO^Ol A 


9/1990 


Higashi 


4 959 606 A 


9/1990 


Forge 




12/1990 


Rilly et al. 


4 980 79 1 A 


12/1990 


Alberkrack et al. 


4 996 638 A 


2/1991 


On 




4/1991 


Barlage 


5,034,87 L A 


7/1991 


Okamoto et al. 


5 079 453 A. 


1/1992 Tisinger et al. 


5 245 526 A 


9/1993 


Balaixtshran 


c ?«? Ifl7 A 


1/1994 


Balakrishnan 


J,iOj,JOO A 


2/1994 


Zaretsky 


^ 78^ IfiO A 

j,ioJ,JDy A 


2/1994 


Balakrishnan 


e 7Q7 (\\a a 
J,iy/,U14 A 


3/1994 


Saito 


5,313,381 A 


5/1994 


Balakrishnan 


1^7 A 

j,jjj,iOj; a 


8/1994 


Martin-Lopez et a 


5,408,402 A 


4/1995 


Nonnenmacher 


5^4 12^556 A 


5/1995 


Marinus 


5,414,342 A 


5/1995 


Mammano et al. 


5,414,611 A 


5/1995 


Muto et al. 


5,430,633 A 


7/1995 


Smith 


5,469,349 A 


11/1995 


Marimis 


5,481,178 A 


1/1996 


Wilcox etal. 


5,498,995 A 


3/1996 


Szepesi et al. 


5,532,626 A 


7/1996 


Khayat 


5,568,044 A 


10/1996 


Bittner 


5,617,016 A 


4/1997 


Borghi et al. 


5.633,788 A 


5/1997 


Tanaka et al. 


5.657,215 A 


8/1997 


Faulk 


5,675,479 A 


10/1997 


Tani et al. 


5,675,485 A 


10/1997 


Seong 


5,708,402 A 


1/1998 


Hachisu et al. 



5,717,578 A 


2/1998 


Afzal 


5,731,694 A 


3/1998 


Wilcox etal. 


5,742,494 A 


4/1998 


Brakus et al. 


5,745,352 A 


4/1998 


SandrietaJ. 


5,747,977 A 


5/1998 


Hwang 


5,748,461 A 


5/1998 


Preller 


5,751,565 A 


5/1998 


Faulk 


5,784,232 A 


7/1998 


Fan- 


5,798,635 A 


8/1998 


Hwang et al. 


5,835,361 A 


11/1998 


Fitzgerald 


5,859,768 A 


1/1999 


Hall et al. 


5,901,051 A 


5/1999 


Takahashi et al. 


5,912,552 A 


6/1999 


Tateishi 


5,920,466 A 


7/1999 


Hirahara 


5,949,661 A 


9/1999 


Minkkinen 


5,973,945 A 


10/1999 


Balakrishnan et al. 


5,995,384 A 


1 1/1999 


Majidet al. 


5,995,387 A 


11/1999 


Takahashi et al. 


5,999 421 A 


12/1999 


Liu 


6,008,590 A 


12/1999 


Giannopoulos et al. 


6,011,706 A 


1/2000 


Adragna et al. 


6,094,362 A 


7/2000 


Domingo 


6,100,675 A 


8/2000 


Sudo 


6,100.678 A 


8/2000 


Hobrecht 


6,118.675 A 


9/2000 


Lionetto et al. 


6,127,816 A 


10/2000 


Hirst 


6,130,528 A 


10/2000 


Aoyama 


6,147,883 A 


1 1/2000 


Balakrishnan et al. 


6,188,587 Bl 


2/2001 


Yun et al. 


6,198,265 Bl 


3/2001 


Stevenson 


6,307,356 Bl 


10/2001 


Dweliey 


6,396,718 Bl 


5/2002 


Ng et al. 



OTHER PUBLICATIONS 

Davis, Sam, "Why Don't More Universities Teach Power 
Electronics Design?", POM Apr. 2000. 
Xunwei Zhou, Mauro Donati, Luca Amoroso, Fred C. Lee, 
Improve Light Load Efficiency for Synchronous Rectifier 
Buck Converter, 1 Fourteenth Annual Applied Power Elec- 
tronic Conference and Exposition, IEEE, at 295 (Mar. 
14-1 S, 1999). 

Abraham I Pressman, Switching Power Supply Design, 
McGraw-Hill, Inc. (1998). 

Linear Technology's LT1070/LT1071 Data Sheet (1989) 
("LT1070 Data Sheet"). 

Linear Technology^ LT1072 Data Sheet (1988) ( ,l LT1072 
Data Sheet"). 

Linear Technology's LT1074/LT1076 Data Sheet (1994) 
("LT1074 Data Sheet"). 

John D. Lenk, Simplified Design of Switching Power Sup- 
plies, Bunerworth-Heinemann (1995). 
Balu Balakrishnan, Three Terminal Off-Line Switching 
Regulator Reduces Cost and Parts Count, Official Proceed- 
ings of the Twenty-Ninth International Power Conversion 
Conference, at 267 (1994). 

Balu Balakrishnan, Low-power switchers expand reach, 
Electronic Engineering Times, Aug. 29m 1994, at 52. 
Design of Isolated Converters Using Simple Switchers, 
Application Note 1095, National Semiconductor (Aug. 
1998) ("LM285X Data Sheet"). 

CS5 124/6 Data Sheet, Cherry Semiconductor (1999) 
(CS5124 Data Sheet). 

Irving M. Gottlieb, Power Supplies, Switching Regulators, 
Inverters, and Converters, 

Panov and Jovanovic, Adaptive Off-Time Control For Vari- 
able-Frequency, Soft-Switched Flyback Converter At Light 
Loads, 1999 IEEE. 



US 6,351,398 CI 

Page 3 



Xunwei Zhou, Mauro Donati, Luca Amoroso, Fred C. Lee, 
Improved Light Load Efficiency for Synchronous Rectifier 
Buck Converter, 1 Fourteenth Annual Applied Power Elec- 
tronic Conference and Exposition, IEEE, at 295 (2000). 
Wayne M. Austin, Variable-pulse modulator improves pow- 
er-supply regulation, Jun. 25, 1987. 
F. J. De Stasi, T. Szepesi, A 5 A 100 KHZ Monolitihc Bipolar 
DC/DC Converter, The European Power Electronics Asso- 
ciation (1993). 

Unitrode Current Mode PWM Spec sheet for US1 846/7, 
UC2S46/7, UC3836/7. 

Motorola, Inc., A 100 kHz FET Switcher, TDT-101 TMOS 
Power Fet Design Tips sheet. 

M. Goodman and O. Kuhlmann, Current mode control of 

switching regulators, IEEE, Oct. 1984. 

Micro Linear preliminary spec sheet, ML4803, 8-Pin PFC 

and PWM Controller Combo, Feb. 1999. 

Fairchild Advance Specification for FAN7554/D product, 

Rev. 0.1,2000. 

Robert Boschert, Flyback converters: Solid-state solution to 
low-cost switching power spplies, Electronics, Dec. 21, 
1978. 

Ravindra Ambatipudi, Improving Transient Response of 

Opto-Isolated Converters, PC/M May 1997. 

Linear Technology's LT1070/LT1O71 Design Manual, 

Application Note 19, Jun. 1986. 

Linear Technology's LT1241 Data Sheet. 

Jim Williams, Regulator IC speeds design of switching 

power supplies, 

Carl Nelson, Switching controller chip handles lOOWfrom a 
5-pin package, Electronic Design, Dec. 26, 1985. 
Siemens TDA 4714 C, TDA 4716 C, Sep. 1994. 
Siemens TDA 4718 A, Dec. 1995. 
Texas Instruments TL5001, TL5001A. 



R. Mammano, Application Note U-150, Applying the 
UCC3570 Voltage-Mode PWM Controller to both Off-line 
and DC/DC Converter Designs. 

Unitrode Corporation UCC1570/UCC2570/UCC3 570 Data 
Sheet— Apr. 1999, Revised Jul. 2000. 
Unitrode Corporation UCC1809-1/-2/ UCC2809-1/-2/ 
UCC3809-1/12 Data Sheet— Nov. 1999. 
L. Calderoni, L. Pinol, V. Varoli, Optimal Feed-Forward 
Compensation for PWM DC/DC Converters, IEEE, 1990. 
L. Calderoni, L. Pinol, V. Varoli, Optimal Feed-Forward 
Compensation for PWM DC/DC Converters with "Linear" 
and "Quadratic" Conversion Ratio, IEEE, 1992. 
Siemens Application Note TDA 4718 and SIPMOS FET. 
Siemens Control IC for Single-Ended and Push-Pull 
Switched-Mode Power Supplies. 

Maige, Philippe, "A Universal Power Supply Integrated Cir- 
cuit for TV and Monitor Applications". 
LM2825 Application Information Guide. 
Design of Isolated Converters Using Simple Switchers. 
Motorola — Low cost 1.0 A Current Source for Battery 
Chargers. 

Infineon Technologies Application Note: 
AN-SMPS-1683X-1. 

Cherry Semiconductor High Performance, Integrated Cur- 
rent Mode PWM Controllers. 

Cherry Semiconductor High Performance, Integrated Cur- 
rent Mode PWM Controllers CS5124/6. 
Abstract data sheet for FA3641P. 

National Semiconductor LM2825 Integrated Power Supply 
1 A DC-DC Converter. 

STMicroelectronics, VIPerlOO/SP, VTPerlOOA/ASP data 
sheet (May 1999), 

FA3641P(N), FA3647P(N) Spec Sheet. 




us 6,: 

1 

EX PARTE 
REEXAMINATION CERTIFICATE 
ISSUED UNDER 35 U.S.C. 307 

5 

THE PATENT IS HEREBY .AMENDED AS 
INDICATED BELOW. 

Matter enclosed in heavy brackets [ ] appeared in the 
patent, but has been deleted and is no longer a part of the lQ 
patent; matter printed in italics indicates additions made 
to the patent. 

AS A RESULT OF REEXAMINATION, IT HAS BEEN 
DETERMINED THAT: 15 

The patentability of claims 1-14 is confirmed. 




m ci 

2 

Claim 15 is determined to be patentable as amended. 

Claims 16-23, dependent on an amended claim, are deter- 
mined to be patentable. 

15. A method for controlling a power supply, comprising: 

supplying a first current from a first terrnina! of a power 

supply controller; 
deactivating the power supply if the first current supplied 

from the first terminal falls below a first threshold 

value; and 

activating the power supply if the first current supplied 
from the first terminal rises above a second threshold 
value, wherein the first and second threshold values are 
different. 



Claims 24-29 are cancelled. 
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(57) ABSTRACT 

A power supply controller having a multi-function terminal. 
In one embodiment, a power supply controller for switched 
mode power supply includes a drain terminal, a source 
terminal, a control terminal and a multi-function terminal. 
The multi-function terminal may be configured in a plurality 
of ways providing any one or some of a plurality of 
functions including on/off control, external current limit 
adjustments, uader-voltage detection, over-voltage detection 
and maximum duty cycle adjustment. The operation of the 
multi-function terminal varies depending on whether a posi- 
tive or negative current flows through the multi-function 
terminal. A short-circuit to ground from the multi-function 
terminal enables the power supply controller. A short-circuit 
to a supply voltage from the multi- function terminal disables 
the power supply controller. The current limit of an internal 
power switch of the power supply controller may be 
adjusted by externally setting a negative current from the 
multi-function terminal. The multi-function terminal may 
also be coupled to the input DC line voltage of the power 
supply through a resistance to detect an under-voltage 
condition, an over-voltage condition and/or adjust the maxi- 
mum duty cycle of power supply controller. Synchronization 
of the oscillator of the power supply controller may also be 
realized by switching the multi-function terminal to power 
or ground at the desired times. 

34 Claims, 13 Drawing Sheets 
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all asserted claims of the '398 patent to be valid and infringed and recommended an exclusion order 
against the infringing SG products. On August 1 1 , 2006, the ITC issued an exclusion order against 
the infringing SG chips. SG appealed the ITC decision, but the Federal Circuit affirmed the ITC's 
findings in all respects. 

1 4. After the findings that SG infringed the '398 patent and that the '398 patent was 
valid in the ITC trial and the issuance of the exclusion order, Fairchild purchased SG. Prior to its 
purchase of SG, Fairchild was itself also found to have infringed certain other of Power 
Integrations' patents in a proceeding in the U.S. District Court for the District of Delaware. Like 
the ITC and the Federal Circuit, the Delaware Jury and Court both rejected Fairchild 1 s challenges to 
the validity of these other Power Integrations patents as well. 

15. Since the acquisition of SG, SG has operated as a wholly-owned subsidiary of 
Fairchild, and Defendants have continued to sell SG chips and to introduce new chips based on the 
SG architecture. 

16. During the parties' prior litigation, SG initiated multiple challenges to the validity of 
the '398 patent via filing two separate requests for ex parte reexamination before the United States 
Patent and Trademark Office ("USPTO"), raising a number of allegations of invalidity. On July 28, 
2009, the USPTO issued Reexamination Certificate No. 6,351,398 CI, confirming the patentability 
of claims 1-23 of the '398 patent. A true and correct copy of the '398 Reexamination Certificate is 
attached hereto as Exhibit B. 

1 7. After the USPTO confirmed the validity of claims in all of the patents previously 
asserted against SG, Power Integrations contacted Defendants regarding their continued 
infringement in a letter dated August 10, 2009, Despite the USPTO 5 s confirmation of the validity 
of the '398 patent and Power Integrations 1 prior success in proving infringement and validity in the 
ITC proceeding and on appeal, Defendants have refused to agree to stop infringing Power 
Integrations' patents. 

18. Defendants have been and are now infringing, inducing infringement, and 
contributing to the infringement of the '398 patent in this District and elsewhere by making, using, 
selling, offering to sell, and/or importing devices, including power supply controller integrated 
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circuit devices, covered by one or more claims of the *398 patent, and/or contributing to or inducing 
the same by third-parties, all to the injury of Power Integrations. In particular, Defendants* power 
supply controller products that include what Defendants characterize as providing "Constant Output 
Power Limit'* functionality by sensing line voltage variations through sensing current at an input pin 
of the controller infringe Power Integrations* '398 patent. 

1 9. Defendants* acts of infringement have injured and damaged Power Integrations. 

20. Defendants' acts of infringement have been, and continue to be, willful so as to 
warrant the enhancement of damages awarded as a result of their infringement. In particular, 
despite Power Integrations' prior notice of infringement as early as 2004, despite the prior 
determinations of infringement and validity by the UC and the subsequent affirmance of those 
determinations by the Court of Appeals for the Federal Circuit, despite the '398 patent emerging 
from reexamination, and despite Power Integrations' renewed notice to Defendants of their 
infringement, Defendants have failed to commit to ceasing all infringement of the '398 patent. 

2 1 . Defendants' infringement has caused irreparable injury to Power Integrations and 
will continue to cause irreparable injury until Defendants are enjoined from further infringement by 
this Court. 

SECOND CAUSE OF ACTION 
INFRINGEMENT OF U.S. PATENT NO. 6,538,908 / 

22. The allegations of paragraphs 1 - 1 0 are incorporated for this Second Cause of Action 
as though fully set forth herein. 

23. Power Integrations is now, and has been since its issuance, the assignee and sole 
owner of ail right, title, and interest in United States Patent No. 6,538,908, entitled "Method and 

Apparatus Providing a Multi-Function Terminal for a Power Supply Controller" ("the *908 patent"), 

/ 

which was duly and legally issued on March 25, 2003. A true and correct copy of the '908 patent is 
attached hereto as Exhibit C. / 

24. On June 28, 2004, Power Integrations filed a complaint for patent infringement 

/ 

against SG in this District because SG was infringing several Power Integrations patents, including 

/ 

the '908 patent. Thereafter, Power Integrations filed a similar complaint for patent infringement 
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METHOD AND APPARATUS PROVIDING A 
MULTI-FUNCTION TERMINAL FOR A 
POWER SUPPLY CONTROLLER 

This is a Continuation of U.S. application Ser. No. 
09/405,209, filed Sep. 24, 1999, now U.S. Pat. No. 6,462, 
971. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to power supplies 
and, more specifically, the present invention relates to a 
switched mode power supply controller. 

2. Background Information 

Electronic devices use power to operate. Switched mode 
power supplies are commonly used due to their high effi- 
ciency and good output regulation to power many of today's 
electronic devices. In a known switched mode power supply, 
a low frequency (e.g. 50 Hz or 60 Hz maios frequency), high 
voltage alternating current (AC) is converted to high voltage 
direct current (DC) with a diode rectifier and capacitor. The 
high voltage DC is then converted to high frequency (e.g. 30 
to 300 kHz) AC, using a switched mode power supply 
control circuit. This high frequency, high voltage AC is 
applied to a transformer lo transform the voltage, usually to 
a lower voltage, and to provide safety isolation. The output 
of the transformer is rectified to provide a regulated DC 
output, which may be used to power an electronic device. 
The switched mode power supply control circuit provides 
usually output regulation by sensing the output controlling it 
in a closed loop. 

A switched mode power supply may include an integrated 
circuit power supply controller coupled in series with a 
primary winding of the transformer. Energy is transferred to 
a secondary winding from the primary winding in a manner 
controlled by the power supply controller to provide the 
clean and steady source of power at the DC output, The 
transformer of a switched mode power supply may also 
include another winding called a bias or feedback winding. 
The bias winding provides the operating power for the 
power supply controller and in some cases it also provides 
a feedback or control signal to the power supply controller. 
In some switched mode power supplies, the feedback or 
control signal can come through an opto-coupler from a 
sense circuit coupled to the DC output. The feedback or 
control signal may be used to modulate a duty cycle of a 
switching waveform generated by the power supply con- 
troller or may be used to disable some of the cycles of the 
switching waveform generated by the power supply con- 
troller to control the DC output voltage. 

A power supply designer may desire to configure the 
power supply controller of a switched mode power supply in 
a variety of different ways, depending on for example the 
particular application and/or operating conditions. For 
instance, there may be one application in which the power 
supply designer would like the power supply controller to 
have one particular functionality and there may be another 
application in which the power supply designer would like 
the power supply controller to have another particular func- 
tionality. It would be convenient for power supply designer 
to be able to use the same integrated power supply controller 
for these different functions. 

In order to provide the specific functions to the power 
supply controller, additional pins or electrical terminals are 
added for each function to the integrated circuit power 
supply controllers. Consequently, each additional function 
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generally translates into an additional pin on the power 
supply controller chip, which translates into increased costs 
and additional external components. Another consequence 
of providing additional functionality to power supply coq- 
5 trailers is that there is sometimes a substantial increase in 
power consumption by providing the additional functional- 
ity. 

SUMMARY OF THE INVENTION 

10 Power supply controller methods and apparatuses are 
disclosed. In one embodiment, a power supply controller 
circuit is described including a current input circuit coupled 
lo receive a current. In one embodiment, the current input 
circuit is to generate an enable/disable signal in response to 

15 the current. The power supply controller is to activate and 
deactivate the power supply in response to the enable/ 
disable signal. In another embodiment, a current limit of a 
power switch of the power supply controller is adjusted in 
response to the current. In yet another embodiment, a 

20 maximum duty cycle of the power switch of the power 
supply is adjusted in response to the current. Additional 
features and benefits of the present invention will become 
apparent from the detailed description, figures and claims set 
forth below. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention detailed illustrated by way of 
example and not limitation in the accompanying figures. 

30 FIG. 1 is a schematic illustrating one embodiment of a 
power supply including a power supply controller having a 
multi-function terminal in accordance with the teachings of 
the present invention. 

FIG. 2A is a schematic illustrating one embodiment of a 

35 power supply controller having a multi-function terminal 
configured to limit the current of the power switch in the 
power supply controller to a desired value in accordance 
with the teachings of the present invention. 

FIG. 2B is a schematic illustrating one embodiment of a 
power supply having a multi-function terminal configured to 
provide a switchable on/off control to the power supply in 
accordance with the teachings of the present invention. 
FIG. 2C is a schematic illustrating one embodiment of the 

45 power supply having a multi-function terminal configured to 
limit the current of the power switch in the power supply 
controller to a desired value and provide a switchable on/off 
control to the power supply controller in accordance with the 
teachings of the present invention. 

50 FIG. 2D is a schematic illustrating one embodiment of a 
power supply having a multi-function terminal configured to 
provide line under-voltage detection, line over-voltage 
detection and maximum duty cycle reduction of the power 
supply in accordance with the teachings of the present 

55 invention. 

FIG. 2E is a schematic illustrating one embodiment of a 
power supply having a multi-function terminal configured to 
provide line under-voltage detection, line over-voltage 
detection, maximum duty cycle reduction and a switchable 

60 on/off control to the power supply in accordance with the 
teachings of the present invention. 

FIG. 2F is a schematic illustrating one embodiment of 
current mode control of a power supply controller having a 
multi-function terminal configured to regulate the current 

65 limit of the power switch in response to the power supply 
output in accordance with the teachings of the present 
invention. 
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FIG. 3 is a block diagram illustrating one embodiment of power supply. In so doing, saturation of the transformer 
a power supply controller including a mu I ti -function termi- during power up is reduced and the excess power capability 
□al in accordance with teachings of the present invention. at high input voltages is safely limited. Increased duty cycle 

FIG. 4 is a schematic illustrating one embodiment of a at low DC in P ut v °li a ges also allows for smaller input filter 
power supply controller including a multi-function terminal 5 capacitance. Thus, this feature results in cost sayings on 
in accordance with the teachings of the present invention. wmponenis ra the power supply including the trans- 

„_ , . .. .„ . , ,. former. In yet another embodiment, some or all of the above 

FIG. 5 is a diagram illustrating one embodiment of f^cns m provided witb a ^ multi-function terminal 
currents, voltages and duty cycles in relation to current m lhe power supply mntmll ^ ^ iSj in one embodiment, 
through a multi-function terminal of a power supply con- a plurality of additional functions are provided to power 
troller in accordance with teachings of the present invention. 10 slJ pply controller without the consequence of adding a 

FIG. 6A is a diagram illustrating one embodiment of corresponding plurality of additional terminals or pins to the 
timing diagrams of switching waveforms of a power supply integrated circuit package of the power supply controller. In 
controller including a multi-function terminal in accordance one embodiment, one or some of the above functions are 
with teachings of the present invention. _ available when positive current flows into the multi-function 

FIG. 6B is a diagram illustrating another embodiment of terminal. In another embodiment, one or some of the above 
timing diagrams of switching waveforms of the power functions are available when negative current flows out from 
supply controller including a multi-function terminal in the multi-function terminal. In one embodiment, the voltage 
accordance with teachings of the present invention. at the multi-function terminal is fixed at a particular value 

FIG. 7 is a schematic illustrating another embodiment of 20 depending on whether positive current flows into the multi- 
a power supply controller including a multi-function termi- " function terminal or whether negative current flows out from 
nal in accordance with the teachings of the present inven- lhe multi-function terminal. 

tion, The multi-function features listed above not only save 

FIG. 8 is a diagram illustrating another embodiment of 0051 of ma °y components and improve power supply per- 
timing diagrams of switching waveforms of the power 2S fcrmance but also, they save many components that would 
supply controller including a multi-function terminal in otherwise be required if these features were implemented 
accordance with teachings of the present invention. externally. 

FIG. 1 is a block diagram illustrating one embodiment of 
DETAILED DESCRIPTION a power supply 101 including a power supply controller 139 

A method and an apparatus providing a multi-function 30 having a multi-function terminal 149 in accordance with the 
terminal in a power supply controller is disclosed. In the teachings of the present invention. As illustrated, power 
following description, numerous specifically details are set supply 101 includes an AC mains input 103, which is 
forth in order to provide a thorough understanding of the configured to receive an AC voltage input. A diode rectifier 
present invention. It will be apparent, however, to one 105 * s coupled to AC mains input to rectify the AC voltage, 
having ordinary skill in the art that the specific detail need 35 Capacitor 107 is coupled to diode rectifier 105 to convert the 
not be employed to practice the present invention. In other rectified AC into a steady DC line voltage 109, which is 
instances, well-known materials or methods have not been coupled to a primary winding 111 of a transformer. Zener 
described in detail in order to avoid obscuring the present diode 117 and diode 119 are coupled across primary winding 
invention. Ill to provide clamp circuitry. 

In one embodiment of the present invention, a power 40 As illustrated in FIG. 1, primary winding 111 is coupled 
supply controller is provided with the functionality of being t0 a dra *n terminal 141 of power supply controller 139. 
able to remotely Lum on and off the power supply. In another Power supply controller 139 includes a power switch 147 
embodiment, the power supply controller is provided with coupled between the drain terminal 141 and a source ter- 
the functionality of being able to externally set the current minal 143, which is coupled to ground. When power switch 
limit of a power switch in the power supply controller, which 45 147 is turned on, current flows through primary winding 111 
makes it easier to prevent saturation of the transformer °f" toe transformer. When current flows through primary 
reducing transformer size and cost. Externally settable cur- winding 111, energy is stored in the transformer. When 
rent limit also allows the maximum power output to be kept power switch 147 is turned off, current does not flow 
constant over a wide input range reducing the cost of through primary winding 111 and the energy stored in the 
components that would otherwise have to handle the exces- 50 transformer is transferred to secondary winding 113 and bias 
sive power at high input voltages. In yet another winding 115. 

embodiment, the power supply controller is provided with A DC output voltage is produced at DC output 125 
the functionality of being able to delect an under-vollage through diode 121 and capacitor 123. Zener diode 127, 
condition in the input line voltage of the power supply so resistor 129 and opto-coupler 131 form feedback circuitry or 
that the power supply can be shutdown gracefully without 55 regulator circuitry to produce a feedback signal received at 
any glitches on the output. In still another embodiment, the a control terminal 145 of the power supply controller 139. 
power supply controller is provided with the functionality of The feedback or control signal is used to regulate or control 
being able to detect an over-voltage condition in the input the voltage at DC output 125. As the voltage across DC 
line voltage of the power supply so that the power supply output 125 rises above a threshold voltage determined by 
can be shut down under this abnormal condition. This allows 60 Zener diode 127, resistor 129 and opto-coupler 131, addi- 
the power supply to handle much higher surge voltages due tional feedback current flows into control terminal 145. In 
to the absence of reflected voltage and switching transients one embodiment, control terminal 145 also provides a 
on the power switch in the power supply controller. In supply voltage for circuitry of power supply controller 139 
another embodiment, the power supply controller is pro- through bias winding 115, diode 133, capacitor 135 and 
vided with the functionality of being able to limit the 65 capacitor 137. 

maximum duly cycle of a switching waveform generated by As shown in FIG. 1, power supply controller 139 includes 

a power supply controller to control the DC output of the a multi-function terminal 149, which in one embodiment 
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enables power supply controller 139 to provide one or a ticular voliage when positive current flows into multi- 
plurality of different functions, depending on how multi- function terminal 149. Therefore, the amount of positive 
function terminal 149 is configured. Some examples of how current flowing through resistor 205 into multi-function 
multi-function terminal 149 may be configured are shown in terminal 149 is representative of line voltage 109, which is 

FIGS. 2A through 2F. 5 input to the primary winding 1U. Since the positive current 

For instance, FIG. 2A is a diagram illustrating one flowing through resistor 205 into multi-function terminal 

embodiment of a power supply controller 139 including a 149 represents the line voltage 109, power supply controller 

resistor 201 coupled between the multi-function terminal 139 can use this positive current to sense an under-voltage 

149 and the source terminal 143. In one embodiment, the condition in line voltage 109 in one embodiment. An under- 

source terminal 143 is coupled to ground. In one 10 voltage condition exists when the line voltage 109 is below 

embodiment, the voliage at multi-function terminal 149 is a particular under-voltage threshold value. In one 

fixed when negative current flows from multi-function ter- embodiment, if a line under-voltage condition is detected, 

minal 149. In one embodiment, the negative current that power switch 147 is not switched by power supply controller 

Sows through resistor 201 is used to set externally the 139 ^ ^ under-voltage condition is removed, 

current limit of power switch 147. Thus, the power supply 15 ln one embodiment, power supply controller 139 can use 

designer can choose a particular resistance for resistor 201 the P^ive current flowing through resistor 205 into multi- 

to set externally the current limit of power switch 147. In one ^chon terminal 149 to detect an over-voltage condition in 

embodiment, resistor 201 may be a variable resistor, a binary lin f ( voi ' a & e 109 A" over-voltage condition when line 

weighted chain of resistors or the like. Id such embodiment, vo ta ^ 109 nse f * bove » P art ; cullr 0Ve ™ lta S e ^hold 

the current limit of power switch 147 may be adjusted , D ™ ^ 

„ . - *\ r ■ / ifti * 20 detected, power switch 147 is not switched by power supply 

externally by varying the resistance of resistor 201. In one conlro u er F 13 a UDti i tbe ove r-voltage condition is removed 

embodiment, the current nmil ot power switch 147 is , n , „ f „ . 

j- „, ' ■ , . t , /j . . , In one embodiment, power supply controller 139 can also 

directly proportional to the negative current flowing through use ^ positive towin f ^mugh resistor 205 and 

resistor 201. multi-function terminal 149 to detect for increases or 

FIG. 2B is a diagram illustrating another embodiment of 25 decreases in line voltage 109. As line voltage 109 increases, 

a power supply controller 139 including a switch 203 for a given fixed maximum duty cycle, the maximum power 

coupled between multi-function terminal 149 and source available to secondary winding 113 in power supply 101 of 

terminal 143. In one embodiment, source terminal 143 is FIG. 1 usually increases. As line voltage 109 decreases, less 

coupled to ground. In one embodiment, power supply con- power is available to secondary winding 113 in power 

trailer 139 switches power switch 147 when multi- function 30 slI Pply 1^1- In most cases, the excess power available at the 

terminal 149 is coupled to ground through switch 203. In DC output 125 is undesirable under overload conditions due 

one embodiment, power supply controller 139 does not t0 high currents that need (o be handled by components. In 

switch power switch 147 when multi-function terminal 149 501136 instances, it is also desirable to increase the maximum 

is disconnected from ground through switch 203. In power available to DC output 125 at low input DC voltages 

particular, when an adequate amount of negative current 35 to save on cost of the input fitter capacitor 107. Higher duty 

flows from multi-function terminal 149, power supply 101 is c y cle * ! ° w D 9 1D P ut volta S e "tpui voltage 

enabled. When substantially no current flows from mulli- °Pf ratlon for a S iven omput power. This allows larger ripple 

function terminal 149, power supply 101 is disabled. In one volla ^ 00 ^P ac " or 107 ' which tr k aa ?? ates to 3 lower v ^ e 

embodiment, the amount of current that flows from multi- ^f'H* w** V £ ^ emb °^ e ■ f°T ^ 
t. . | . ia , , . , . controller 139 adjusts the maximum duty cycle of a switch- 
fun cUon terminal 149 to ground through switch 203 is 40 mg waV eform used to control or regulate power switch 147 
limited. Th u s, m one embodiment, even if multi-function in r e to increases Qf decrease 6 s in ^ volt e 109 In 
terminal 149 is short-circuited to ground through switch one embodiment, the maximum duty cycle of the switching 
203, the amount of current flowing from multi-function waveform used to control power switch 147 is inversely 
terminal 149 to ground is limited to a safe amount. proportional to the line voltage 109. As mentioned earlier, 
FIG. 2C is a diagram illustrating yet another embodiment 45 reducing the duty cycle with increasing input DC voltage 
of a power supply controller 139 including resistor 201 and has many advantages. For instance, it reduces the value and 
switch 203 coupled in series between multi-function termi- hence the cost of capacitor 107. In addition, it limits excess 
nal 149 and source terminal 143, which in one embodiment power at high line voltages reducing the cost of the clamp 
is ground. The configuration illustrated in FIG. 2C combines circuit (117, 119), the transformer and the output rectifier 
the functions illustrated and described in connection with 50 121 due to reduced maximum power ratings on these 
FIGS. 2A and 2B above. That is, the configuration illustrated components. 

in FIG. 2C illustrates a power supply controller 139 having U is appreciated that since only a single resistor 201 to 

external adjustment of the cur rent limit of power switch 147, ground, or a single resistor 205 to line voliage 109, is 

through the selection of tbe resistance for resistor 201, and utilized tor implementing some of the functions of power 

on/off functionality through switch 203. When switch 203 is 55 supply controller 139, a power savings is realized. For 

on, power supply controller 139 will switch power switch instance, if a resistor divider were to be coupled between 

147 with a current limit set by resistor 201. When switch 203 power and ground, and a voltage output of the resistor 

is off, power supply controller 139 will not switch power divider coupled to a terminal of power supply controller 139 

switch 147 and power supply 101 will be disabled. were to be used, current would continuously flow through 

FIG. 2D is a diagram illustrating still another embodiment 60 both the resistor divider and into a sensor terminal of the 

of a power supply controller 139 including a resistor 205 power supply controller. This would result in increased 

coupled between the line voltage 109 and multi-function power consumption. However in one embodiment of the 

terminal 149. Referring briefly back to FIG. 1 above, DC power supply controller 139, only the single resistor 201 to 

line voltage 109 is generated at capacitor 107 and is input to ground or single resistor 205 to line voltage 109 is utilized, 

the primary winding 111 of the transformer of power supply as thereby eliminating the need for a current to flow through 

101. Referring back the FIG. 2D, in one embodiment, both the resistor divider and into power supply controller 

multi-function terminal 149 is substantially fixed at a par- 139. 
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FIG. 2E is a diagram illustrating yet another embodiment more than one way. For example, power supply 101 can be 

of a power supply controller 139 including resistor 205, as remotely turned on and off using either power or ground. In 

described above, coupled between tbe line voltage 109 and particular, the power supply 101 can be turned on and off by 

multi- function terminal 149. FIG. 2E also includes a switch switching to and from tbe control terminal (supply terminal 

207 coupled between control terminal 145 and multi- 5 f or tae power supply controller) using tbe over-voltage 

function terminal 149. In one embodiment, resistor 205 detection feature, or by switching to and from ground using 

provides the same functionality as discussed above in con- on / 0 ff circuitry 

nection with FIG. 2D. Therefore, when switch 207 is „„„ , ' „ . , . t . , _ 

switched off, the configuration illustrated in FIG. 2E is * IGS " l A } hm ? h 2F a &w examples of ^ 

identical to the configuration described above in connection 10 ^ njulti-foacuon terminal. Aperson skrtled in the art will 

with FIG 2D many configurations for use of the multifunction 

. ' ' t , . . ... ., pin. The uses for the multi-function terminal, are therefore, 

In one embodiment, control terminal 145 provides a ^ lifflited fa the few fcs sbown 

supply voltage for power supply controller 139 in addition 

to providing a feedback or control signal to power supply 11 ^ worthwhile to note that different functions of the 
controller 139 from DC output 125. As a result, in one 1S ^ power supply controller 139 may be 
embodiment, switch 207 provides in effect a switchablc low utllized at dlfferent times dunn & Afferent modes of opera- 
resistance connection between a supply voltage (control tl0n ot P ower "PP^ controller 139. For instance, some 
terminal 145) and multi- function terminal 149. In one features may be implemented during startup operation, other 
embodiment, the maximum positive current that can flow factions may be implemented during normal operation, 
into multi-function terminal 149 is limited. Therefore, in one 20 olher factions may be implemented during fault conditions, 
embodiment, even when switch 207 provides, in effect, a while stiH other functions may be implemented during 
short-circuit connection from a supply voltage, the positive st ™ db V °P eralloa - Indeed > lt * appreciated that a power 
current that flows into multi-function terminal 149 is limited ^PP 1 * desi 8 ner may implement other circuit configurations 
to a safe amount. However, in one embodiment, the positive t0 mth * P ower ^PP 1 ? Roller 139 in accordance with 
current that does flow through switch 207, when activated, 75 leachin p °f t he P resei > 1 invention. The configurations iHus- 
into multi-function terminal 149 triggers an over-voltage " ttated m HGS - 2A lhrou ^ 2F ate P rovided simply for 
condition. As discussed above, power supply 139 discon- explanation purposes. 

tinues switching power switch 147 during an over-voltage 3 is a block diagram illustrating one embodiment of 
condition until the condition is removed. Therefore, switch a P ower supply controller 139 in accordance with teachings 
207 provides on/off functionality for power supply control- of tbe P res6Dt invention. As shown in the embodiment 
ler 139. When switch 207 is the activated, the low resistance illustrated, power supply controller 139 includes a current 
path to control terminal 145 is removed and tbe positive m P ut circuit 302, which in one embodiment serves as 
current flowing into multi-function terminal 149 is limited to multi-function circuitry. In one embodiment, current input 
the current that flows from line voltage 109 through resistor circuit 302 includes a negative current input circuit 304 and 
205. Assuming tbat neither an under-voltage condition nor 35 a positive current input circuit 306. In one embodiment, 
an over-vollage condition exists, power supply controller negative current input circuit 304 includes negative curreot 
139 will resume switching power switch 147, thereby sensor 301, on/off circuitry 309 and external current limit 
re-enabling power supply 101. adjuster 313. In one embodiment, positive current input 
FIG. 2F is a diagram illustrating another embodiment of circuit 306 includes positive curreot sensor 305, under- 
a power supply controller 139 using current mode control to 4U TO * ta g e comparator 317, over-voltage comparator 321 and 
regulate the current limit of the power supply. As shown, maximum duty cycle adjuster 325. 
resistor 201 is coupled between the multi-function terminal As shown in FIG. 3, negative current sensor 301 and 
149 and the source terminal 143 and the transistor 209 of an positive current sensor 305 are coupled to multi-function 
opto-coupler coupled between mulri-functioa terminal 149 terminal 149. In one embodiment, negative current sensor 
and a bias supply, such as for example control terminal 145. 45 301 generates a negative current sense signal 303 and 
Similar to FIG, 2A, the negative current that flows out from positive current sensor generates a positive current sense 
multi-function terminal 149 is used to set externally the signal 307. For purposes of this description, a negative 
current limit of power switch 147. In the embodiment current may be interpreted as current that flows out of 
illustrated in Figure in FIG. 2F, the current limit adjustment multi-function terminal 149. Positive current may be inter- 
function can be used for controlling tbe power supply output 50 prcted as current that flows into multi-function terminal 149. 
by feeding a feedback signal from the output of the power m one embodiment, on/off circuitry 309 is coupled to 
supply into multi- function terminal 149. Io the embodiment receive negative current sense signal 303. External current 
depicted in FIG, 2F, the current limit is adjusted in a closed urmt adjuster 313 is coupled to receive negative current 
loop to regulate the output of the power supply (known as sense signal 303. 

current mode control) by adding the opto-coupler output 55 In one embodiment, under-voltage comparator 317 is 
between multi-function terminal 149 and the bias supply. coupled to receive positive current sense signal 307. Over- 
ln one embodiment, the power supply controller configu- voltage comparator 321 is coupled to receive positive cur- 
rations described in connection with FIGS, 2A through 2F re nt sense signal 307. As discussed earlier, both under- 
all utilize the same multi- function terminal 149. Stated voltage and over-voltage comparators also functioo as on/off 
differently, in one embodiment, tbe same power supply eo circuits. Maximum duty cycle adjuster 325 is also coupled 
controller 139 may be utilized in ail of the configurations to receive positive current sense signal 307. 
described. Thus, the presently described power controller In one embodiment, on/off circuitry 309 generates an 
139 provides a power supply designer with added flexibility. on/off signal 311, under-voltage comparator 317 generates 
As a result, a power supply designer may implement more an under-voltage signal 319 an over-voltage comparator 321 
than one of the above functions at the same time using the 65 generates an over-vollage signal 323. As shown in the 
presently described power supply controller 139. In embodiment illustrated in FIG. 3, enable/disable logic 329 is 
addition, the same functionality may be implemented in coupled to receive the on/off signal 311, the under-voltage 
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signal 319 and (he over-voltage signal 323. The under- 
voltage and over-voltage signals can also be used for on/off 
functions as noted earlier. 

In one embodiment, enable/disable logic 329 generates an 
enable/disable signal 331, which is coupled to be received 5 
by control circuit 333. The control circuit 333 is also coupled 
to receive a control signal from control terminal 145. In 
addition, control circuit 333 is also coupled to receive a 
drain signal from drain terminal 141, a maximum duty cycle 
adjustment signal 327 from maximum duty cycle adjuster H 
325 and an external current limit adjustment signal 315 from 
external current limit adjuster 313. 

In one embodiment, control circuit 333 generates a 
switching waveforms 335, which is coupled to be received 
by power switch 147, In one embodiment, power switch 147 
is coupled between drain terminal 141 and source terminal 
143 to control a current flowing through the primary wind- 
ing 111 of power supply 101, which is coupled to drain 
terminal 141. 

In one embodiment, negative current sensor 301 senses 
current that flows out of negative current sensor 301 through 
multi- function terminal 149. Negative current sense signal 
303 is generated in response to the current that flows from 
negative current sensor 301 through multi-function terminal 
149. In one embodiment, current that flows from negative 
current sensor 301 through multi-function terminal 149 
typically flows through an external resistance or switch 
coupled between multi-function terminal 149 and ground. 

In one embodiment, positive current sensor 305 senses 
current that flows into positive current sensor 305 through 
multi-function terminal 149. Positive current sense signal 
307 is generated in response to the current that flows into 
positive current sensor 305 through multi-function terminal 
149. In one embodiment, current that flows into positive 
current sensor 305 through multi-function terminal 149 
typically flows through an external resistance coupled 
between multi-function terminal 149 and the DC line volt- 
age 109 input to the primary winding 111 of a power supply 
101 and/or another voltage source. In another embodiment 
the current flows through an external resistance or a switch 
coupled between the multi- function terminal 149 and 
another voltage source. In one embodiment, the line voltage 
109 input to primary winding 111 is typically a rectified and 
filtered AC mains signal. 

As mentioned above, in one embodiment, positive current 
does not flow while negative current flows, and vice versa. 
In one embodiment, the negative current sensor 301 and 
positive current sensor 305 are designed in such a way that 
they are not active at the same time, Slated differently, 
negative current sense signal 303 is not active at the same 
time as positive current sense signal 307 in one embodiment, 

In one embodiment, the voltage at multi- function terminal 
149 is fixed at a first level when negative current flows out 
of power supply controller 139 from multi- function terminal 
149. In one embodiment, the first level is selected to be 
approximately 1.25 volts. In one embodiment, the voltage at 
multi-function terminal is fixed at a second level when 
positive current flows into power supply controller 139 
through multi-function terminal 149. In one embodiment, 
the second level is selected to be approximately 2.3 volts. 

In one embodiment, on/off circuitry 309 generates on/off 
signal 311 in response to negative current sense signal 303. 
In one embodiment, when the current flowing from multi- 
function terminal 149 through an external resistance to 
ground is less than a predetermined on/oif threshold level, 
on/off circuitry 309 generates on/off signal 311 to switch off 
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the power supply 101. In one embodiment, when the current 
flowing from multi-function terminal 149 is greater than a 
predetermined on/off threshold level, on/off circuitry 309 
generates on/off signal 311 to switch on the power supply 
101. In one embodiment, the magnitude of the on/off thresh- 
old level is approximately 40 to 50 microamps, including 
hysteresis. 

In one embodiment, external current limit adjuster 313 
generates external current limit adjustment signal 315 in 
response to negative current sense signal 303. In one 
embodiment, when the magnitude of the negative current 
flowing from multi-function terminal 149 through an exter- 
nal resistance or switch to ground is below a predetermined 
level, the current limit adjuster 313 generates an external 
25 current limit adjustment signal to limit the current flowing 
through power switch 147. In one embodiment, when the 
magnitude of the negative current flowing from multi- 
function terminal 149 is below a predetermined level, the 
current Bowing through power switch 147 is limited to an 
20 amount directly proportional to the current flowing out of 
power supply controller 139 from multi-function terminal 
149. In one embodiment, predetermined level is approxi- 
mately 150 microamps. In one embodiment, if the magni- 
tude of the negative current flowing out of power supply 
25 controller 139 from mulli-function terminal 149 is greater 
than the predetermined level, the current flowing through 
power switch 147 is internally limited or clamped to a fixed 
safe maximum level. Therefore, the current flowing through 
power switch 147 is clamped to a safe value, even when 
30 multi-function terminal 149 is shorted to ground. In one 
embodiment, the current flowing through power switch 147 
is internally limited or clamped to value of 3 amps. 

In one embodiment, since the voltage at multi-function 
terminal 149 is fixed at a particular voltage when current 
35 flows out of power supply controller 139 through multi- 
function terminal 149, the current limit through power 
switch 147 can be accurately set externally with a single 
large value, low-cost, resistor externally coupled between 
multi-function terminal 149 and ground. By using a large 
40 external resistance, the current flowing from multi-function 
terminal 149 is relatively small, As mentioned above, the 
current flowing from multi-function terminal 149 in one 
embodiment is in the microamp range. Since the current 
flowing from multi-function terminal 149 is relatively small, 
45 the amount of power dissipated is also relatively small. 
In one embodiment, multi-function terminal 149 is 
coupled to the DC line voLtage 109 input to the primary 
winding 111 through an external resistance. In one 
embodiment, the amount of current flowing into multi- 
50 function terminal 149 represents the DC input line voltage to 
the power supply 101. In one embodiment, under-voltage 
comparator 317 generates under-voltage signal 319 in 
response to the resulting positive current sense signal 307. In 
one embodiment, when the current flowing into multi- 
55 function terminal 149 rises above a first predetermined 
threshold, under-voltage comparator 317 generates under- 
voltage signal 319 to enable the power supply. In one 
embodiment, when the current flowing into multi-function 
terminal 149 falls below a second predetermined threshold, 
60 under-voltage comparator 317 generates under-voltage sig- 
nal 319 to disable the power supply. In one embodiment, the 
first predetermined threshold is greater than the second 
predetermined threshold to provide hysteresis. By providing 
hysteresis or a hysteretic threshold, unwanted switching on 
65 and off of the power supply 101 resulting from noise or 
ripple is reduced. In one embodiment, the first predeter- 
mined threshold is approximately 50 microamps and the 
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second predetermined threshold is approximately 0 micro- transformer core through the primary winding 111. While 

amps. In another embodiment, a hysteretic threshold is not the power switch 147 is off, power is delivered from the 

utilized. Thus the hysteresis is greater than or equal to zero. transformer core to the secondary winding of the trans- 

In one embodiment, over-voltage comparator 321 gener- f ormf * P° wer ^PP^ 101 - To delivery a given power 

ates over-voitage signal 323 in response to the positive 5 level, for a lower DC input voltage 109, a higher duty cycle 

current sense signal 307. In one embodiment, when the J ^ mre , d and for . a ^ DC mput voltage 109, a lower 

current flowing into multi- function terminal 149 rises above <? cle 15 r ^ mred / D one , embodiment of the present 

. , . ° ■ j ,i . t invention, maximum duty cycle adjuster 325 decreases the 

a third predetermmed threshold over-voltage comparator majdmum du ^ ^ UJ [q se [q 

321 generates over-voltage signal 323 to doable the power inCfeases in ^ DC ^ , m Ifl 0Q£ emb £ diffienE 

supply. In one embodiment, when the current flowing into 10 m , v : rv ,„ m a, ♦ , a- m S • *», - 

5.%. , , ,X r „ , , , j maximum duty cycle adjuster 325 increases the maximum 

multi-function terminal 149 falls below a fourth predeter- d fe rf er ^ 4? in 

mined hreshold, over-voltage comparator 32! generates ^ ^ . ^ m m ^ Qll [he mitximum 

over-voltage signal 323 to enable the power supply. In one rf le ^ adjusled ^ be m proportional t0 the 

embodiment, the third predetermined threshold is greater curreD{ ^ flows ^ 149 in OQe 

than the fourth predetermined threshold to provide hyster- 15 t e ti , 

„ . f. . , . , , , , embodiment or the present invention, 
esis. By providing hysteresis or a hysteretic threshold, _ ,. . , , _ . . .. 
unwanted switchingon and off of the power supply resulting b f k t0 J 10 * J m ° ne embodiment, the maxi- 
from noise is reduced. In one embodiment, the third prede ™ duty ^ 15 a J usted ^ a ^ of 33 *f ce 5 to 
termined threshold is approximately 225 microamps and the 7 > P erc ^ based on the amount of positive current that flows 
fourth predetermined threshold is approximately 215 micro- ™ mt ° multi-function terminal 149. In one embodiment, maxi- 
amps. In one embodiment, the third and fourth predeter- mUm ^ T ad J USt6r 2* d ° eS DOt bS P gm * T"!! th ° 
mined thresholds are selected to be approximately four to maximum duty cycle until the amount of current that flows 
five times greater than the first predetermined threshold 1D 0 multi-function terminal 149 rises above a threshold 
discussed above for an AC mains input 103 of approxi. ^ ^ ^embodiment, that threshold value is approxi- 
mately 85 volts to 265 volts AC. In another embodiment, a 25 ™ ? 6 ,° mcroam f - In °f embodiment, the maximum 
hysteretic threshold is not utilized. Thus the hysteresis is du ? c f le 15 not adjusted if negative current flows out of 
greater than or equal to zero. multifunction terminal 149. In this case the maximum duty 

cycle is fixed at 75 percent in one embodiment of the present 

In one embodiment, power switch 147 is able to tolerate invention 

higher voltages when not switching. When the power supply ,„ „ , , , , , , ■ ^ n 

• j- . , , , ■ l^t-l. * • 30 In one embodiment, enable/disable logic 329 receives as 

is disabled, power switch 147 does not switch. There tore, it ^ on/off 3 uoder _ volt S1 al 319 and over „ 

is appreciated that over-voltage comparator 321 helps to voU si al S 323 . In one embodiment** any one of the 

protect the power supply 101 from unwanted input power unde * vol f or over . voltage conditions enable/ 

surges Dy disaWmg the power switcfc 147. disable bgic m disabIgs 

power supply 101, In one 

In one embodiment, over-voltage and under-voltage com- 35 embodiment, when the under-voltage and over-voltage con- 
parators 321 and 317 may also be used for on/off ditions are removed, enable/disable logic 329 enables power 
functionality, similar to on/off circuitry 309. In particular, supp i y n>i. i n one embodiment, power supplv 101 may be 
multi-function terminal 149 may be switchably coupled to a enabled or disabled by starting and stopping,' respectively, 
on/off control signal source to provide a positive current that &z switching waveform 335 at the beginning of a switching 
flows into multi-function terminal 149 that crass the under- 4Q cyc i e be f ore me power sw i t ch is to be turned on. In one 
voltage or over-voltage thresholds (going above the third or embodiment, enable/disable logic 329 generates enable/ 
below the fourth predetermined thresholds). For example, disab i e signal 331, which is received by the oscillator in the 
when the positive current through the multi-function pin control circuit 333 to starl or stop the osc aiator at the 
crosses above the first predetermined threshold of the under- beginning of a switching cycle of switching waveform 335. 
voltage comparator 317, the power supply will be enabled 45 When enabled the oscillator will start a new on cycle of the 
and when the positive current goes below the second pre- switching waveform. When disabled the oscaiator will corn- 
determined threshold of the under-voltage comparator 317, p i ete t h e current switching cycle and stop just before the 
the power supply is disabled. Similarly, when the positive beginning of the next cycle. 

current through the multi-function pin crosses above the In one embodiment, control circuit 333 generates switch- 

third predetermmed threshold of the over- voltage compara- 50 ; waveform 335 to contrc>I ower SWItch i47 ^ ^ 

tor 321, the power supply wdl be disabled and when the to a current sense si } received from drain U1 

positive current goes below the fourth predetermined thresh- 6Iiabie/disable si nal 331> maximum duty cycle adjustment 

old of the over-voltage comparator 321, the power supply is signaI 327j a &ignal from comrol termiflal 145 and 

enabled. external current limit adjustment signal 315. 

In one embodiment, maximum duty cycle adjuster 325 55 In 0ne embodiment, the enable/disable signal can also be 

generates maximum duty cycle adjustment signal 327 in use d to synchronize the oscillator in the control circuit to an 

response to the positive current sense signal 307. In one external on/off control signal source having a frequencv less 

embodiment, maximum duty cycle adjustment signal 327, thao that of the osc m a tor. The on/off control signal can be 

which is received by control ctrcuit 333, is used to adjust the input t0 the multi-function terminal through any of the three 

maximum duty cycle of the switching waveform 335 used to 60 paths that generate the enable/disable signal: on/off circuitry 

control power switch 147. In one embodiment, the maxi- 309, under-voltage comparator 317 or over-voltage com- 

mum duty cycle determines how long a power switch 147 parator 321 , As discussed, enable/disable the oscillator in the 

can be on during each cycle. For example, if the maximum comro ] circuit 333j in one embodiment, begins a new 

duty cycle is 50 percent, the power switch 147 can be on for complete cycle of switching waveform at 335 using known 

a maximum of 50 percent of each cycle. 65 lecmi iques in response to enable/disable signal 331, which 

Referring briefly for example to the power supply 101 of represents the on/off control signal at the multi-function 

FIG. 1, while power switch 147 is on, power is stored in the input. By turning the on/off control signal Ci orT at the 
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multi-function input for a fraction of the switching cycle and transistors 427 and 437 are coupled to control terminal 145. 

then "off," the oscillator is enabled to start a new complete Positive current sense signal 307 is generated at the gate and 

cycle. Therefore, if the external on/off control signal has drain of transistor 427. 

short "on" pulses at a frequency less than the oscillator in the i n 0 ne embodiment, under-voltage comparator 317 

control circuit, the oscillator will produce a switching cycle 5 includes a current source 439 coupled between the drain of 

each time an on pulse is detected, thus providing a switching transistor 437 and ground. Under-voltage signal 319 is 

waveform that is synchronized to the external frequency. generated at the drain of transistor 437. 

In an alternate embodiment shown below in FIG. 7, the I n one embodiment, over-voltage comparator 321 

enable/disable signal 331 directly disables or turns off the includes a current source 443 coupled between the drain of 

power switch through the AND gate 493 when an under- 10 transistor 441 and ground. Transistor 441 has a source 

voltage or over-voltage condition exists. In this coupled to control terminal 145 and a gate coupled to receive 

embodiment, (be power switch can be enabled or disabled in positive current sense signal 307. Over-voltage signal 323 is 

the middle of a cycle and consequently, synchronization of generated at the drain of transistor 441, 

the switching waveform through a on/off control signal at i D ooe embodiment, enable/disable logic 329 includes 

the multi-function input is not provided. 15 NQR gate 445 baviQg aQ ^ to receivc under . 

FIG. 4 is a schematic of one embodiment of a power voltage signal 319 and an inverted input coupled to receive 
supply controller 139 in accordance with the teachings of the on/off signal 311. Enable/disable logic 329 also includes 
present invention. As illustrated, negative current sensor 301 NOR gate 447 having an input coupled to receive over- 
includes a current source 401 coupled to control terminal voltage signal 323 and an input coupled to an output of NOR 
145. Transistors 403 and 405 form a current mirror coupled 20 gate 445. Enable/disable signal 331 is generated at the 
to current source 401. In particular, transistor 403 has a output of NOR gate 447. 

source coupled to current source 401 and a gate and drain i n one embodiment, maximum duty cycle adjuster 325 

coupled to the gate of transistor 405. The source of transistor includes a transistor 449 having a source coupled to control 

405 is also coupled to current source 401. Transistor 407 is terminal 145 and a gate coupled to receive positive current 

coupled berween the drain and gate of transistor 403 and - sense gjgnal 307. Maximum duty cycle adjuster 325 also 

multi-function terminal 149. In one embodiment, the gate of includes a current source 453 coupled between the drain of 

transistor 407 is coupled to a band gap voltage plus a transistor 449 and ground. A diode 451 is coupled to the 

threshold voltage V OT . In one embodiment, V BC? is approxi- drain of transistor 449 to produce maximum duty cycle 

mately 1.25 volts, V TN is approximately 1.05 volts and adjustment signal 327. 

V TC +V W is approximately 2.3 volts. Transistors 411 and , n one embodimentj power switch 147 iDcllides a 

413 also form a current mirror coupled to the drain of metal oxide semiconductor field effect transistor (MOSFET) 

transistor 405. In particular, the gate and dram of transistor m between Mn {ermM 141 and ^rce terminal 

411 are coupled to the drain of transistor 405 and the gate of 143 Power M OSFET 495 has a gate coupled to receive a 

transistor 413. In one embodiment, negative current sense switc hin g waveform 335 generated by pulse width modu- 

signal 303 is generated at the gate and dram of transistor 411 , ] ator 333 

The sources of transistors 411 and 413 are coupled to I Q one embodiment, control circuit 333 includes a resistor 

ground. In one embodiment, ground is provided through 455 coupled tQ ^ COQtrol 14 - Atransistor 457 has 

source terminal 14.J. a sourcc C0U pi 6 d t o resistor 455 and a negative input of a 

In one embodiment, on/off circuitry 309 includes a current AQ comparator 459. A positive input of comparator 459 is 

source 409 coupled between the drain of transistor 413 and coupled to a voltage V, which in one embodiment is approxi- 

control terminal 145. In one embodiment, on/off signal 311 mately 5.7 volts. An output of comparator 459 is coupled to 

is generated at the drain of transistor 413. the gate of transistor 457. The drain of transistor 457 is 

In one embodiment, external current limit adjuster 313 coupled to diode 451 and resistor 479. The other end resistor 

includes a current source 415 coupled between control 45 479 is coupled to ground. A filter is coupled across resistor 

terminal 145 and the drain of transistor 419 and the gate and 479. The filter includes a resistor 481 coupled to resistor 479 

drain of transistor 421. The source of transistor 419 and the and capacitor 483 coupled to resistor 481 and ground, 

source of transistor 421 are coupled to ground. The gate of Capacitor 483 is coupled to a positive input of comparator 

transistor 419 is coupled to receive negative current sense 477. 

signal 303. External current limit adjuster 313 also includes 50 In one embodiment, control circuit 333 is a pulse width 

a current source 417 coupled between control terminal 145 modulator, which has an oscillator 467 with three oscillating 

and the drain of transistor 423 and resistor 425. The source waveform outputs 471, 473 and 475. Oscillator 467 also 

of transistor 423 and resistor 425 are coupled to ground. includes an enable/disable input 469 coupled to receive 

External current limit adjustment signal 315 is generated at enable/disable signal 331, In one embodiment, control cir- 

the drain of transistor 423. 55 cuit 333 also includes a voltage divider including resistors 

In one embodiment, positive current sensor 305 includes 461 and 463 coupled between drain terminal 141 and 

transistor 429 having a source coupled to multi-function ground. Anode between resistors 461 and 463 is coupled to 

terminal 149 and the current mirror formed with transistors a positive input of a comparator 465. A negative input of 

431 and 433. In particular, transistor 431 has a gate and drain comparator 465 is coupled to receive external current limit 

coupled to the drain of transistor 429 and the gate of 60 adjustment signal 315. 

transistor 433. Current source 435 is coupled between In one embodiment, oscillating waveform output 471 is 

ground and the sources of transistors 431 and 433. The gate coupled to a first input of AND gate 493. Oscillating 

of transistor 429 is coupled to band gap voltage W BG . The waveform output 473 is coupled to a set input of latch 491. 

drain of transistor 433 is coupled to the current mirror Oscillating waveform output 475 is coupled to a negative 

formed with transistors 427 and 437. In particular, the gate 55 input of comparator 477. An output of comparator 465 is 

and drain of transistor 427 are coupled to the gate of coupled to a first input of AND gate 487. A leading edge 

transistor 437 and the drain of transistor 433. The sources of blanking delay circuit 485 is coupled between the output of 
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NAND gate 493 and a second input of AND gale 487. In one 
embodiment, there is a gate driver or a buffer between the 
output of the NAND gate 493 and the gate of the MOSFET 
(not shown). An output of AND gate 487 is coupled to a first 
input of OR gate 489. A second input of OR gate 489 is 
coupled to an output of comparator 477. An output of OR 
gate 489 is coupled to a reset input of latch 491. Art output 
of latch 491 is coupled to a second input of AND gate 493. 
The output of AND gale 493 generates switching waveform 
335. 

Operation of power supply controller 139 of FIG. 4 is as 
follows. Beginning with negative current sensor 301, the 
gate of transistor 407 is fixed at V^+V^ in one embodi- 
ment to approximately 2.3 volts. As a result, transistor 407 
sets the voltage at multi-function terminal 149 to in one 
embodiment, which is approximately 1.25 volts, when cur- 
rent is pulled out of multi-function terminal 149. This 
current may be referred to as negative current since the 
current is being pulled out of power supply controller 139. 
In one embodiment, transistor 407 is sized such that it 
operates with a current density resulting in a voltage drop 
between the gate and source that is close to wherein the 
Vyjy is the threshold of the N channel transistor 407, when 
negative current flows from multi- function terminal 149. 

When an external resistor (not shown) is coupled from 
multi-function terminal 149 to ground, the negative current 
flowing through the external resistor will therefore be V 3G 
divided by the value of the external resistor in accordance 
with Ohm's law, This negative current flowing out from 
multi-function terminal 149 passes through transistors 403 
and is mirrored on to transistor 405. Current source 401 
limits the negative current sourced by multi-function termi- 
nal 149. Therefore, even if multi-function terminal 149 is 
short-circuited to ground, the current is limited to a current 
less than the current supplied by current source 401. This 
current is less than the current source 401 by an amount that 
flows through the transistor 405. In one-embodiment, the 
negative current that can be drawn from the multi- function 
terminal is limited to 200 microamps by the current source 
401. In one embodiment, if more negative current than 
current source 401 is able to supply is pulled from multi- 
function terminal 149, the voltage at multi-function terminal 
149 collapses to approximately 0 volts. 

The current that flows through transistor 403 is mirrored 
to transistor 405. The current that Bows through transistors 
405 and 411 is the same since they are coupled in series. 
Since transistors 411 and 413 form a current mirror, the 
current flowing through transistor 413 is proportional to the 
negative current flowing through multi -function terminal 
149. The current flowing through transistor 413 is compared 
to the current provided by current source 409. if the current 
through transistor 413 is greater than the current supplied by 
current source 409, the signal at the drain of transistor 413 
will go low, which in one embodiment enables the power 
supply. Indeed, on/off signal 311 is received at an inverted 
input of NOR gate 445. Thus, when on/off signal 311 is low, 
the power supply is enabled. Therefore, by having a negative 
current greater than a particular threshold value, the power 
supply of the present invention is enabled in one embodi- 
ment. In one embodiment, the magnitude of that particular 
threshold value is approximately 50 microamps. 

As mentioned above, the current flowing through transis- 
tor 411 is proportional to the negative current flowing out 
from multi- function terminal 149. As illustrated, transistor 
419 also forms a current mirror with transistor 411. 
Therefore, the current flowing through transistor 419 is 
proportional to the current flowing through transistor 411. 
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The current flowing through transistor 421 is the difference 
between the current supplied by current source 415 and the 
current flowing through transistor 419. For example, assume 
that the current supplied by current source 415 is equal to A. 
Assume further that the current flowing through transistor 
419 is equal to B. In this case, the current flowing through 
transistor 421 is equal to A-B. 

As illustrated, transistor 423 forms a current mirror with 
transistor 421. Therefore, the current flowing through tran- 

1 sistor 423 is proportional to the current flowing through 
transistor 421. Continuing with the example above and 
assuming further chat transistors 421 and 423 are equal in 
size, the current flowing through transistor 423 is also equal 
to A-B. Assuming further that current source 417 supplies 

' a current equal to the current supplied by current source 415, 
which is assumed to be equal to A, then the current flowing 
through resistor 425 would be equal to A-(A-B), which is 
equal to B. 

Therefore, the current flowing through resistor 425 is 
1 proportional to the current flowing through transistor 419, 
which is proportional to the current flowing through tran- 
sistor 411, which is proportional to the negative current 
flowing out from multi-function terminal 149. Note that if 
the current flowing through transistor 419 is greater than the 
current supplied by current source 415, the current flowing 
through transistor 421 would be zero because the voltage at 
the drains of transistors 419 and 421 would collapse to 
approximately zero volts. This would result in the current 
flowing through transistor 423 to be zero . Thus, the current 
through resistor 425 cannot be greater than the current 
supplied by current source 417. However, as long as B is less 
than A, the current that flows through resistor 425 is equal 
to B. If B rises above A, the current that flows through 
resistor 425 is equal to A. 

In one embodiment, resistor 425 is fabricated using the 
same or similar types of processes and diffusions or doped 
regioas used in fabricating power MOSFET 495. As a result, 
the on resistance of resistor 425 follows or tracks the on 
resistance of power MOSFET 495 through varying operat- 
ing conditions and processing variations. 

The voltage across resistor 425 is reflected in external 
current limit adjuster signal 315, which is input to the 
negative input of comparator 465. In one embodiment, the 
negative input of comparator 465 is the threshold input of 
comparator 465, Therefore, the negative input of comparator 
465 receives a voltage proportional to the negative current 
flowing out of multi-function terminal 149 multiplied by the 
resistance of resistor 425. 

The positive input of comparator 465 is coupled to drain 
terminal 141 through resistor 461 of the voltage divider 
formed by resistor 461 and resistor 463. Therefore, the 
positive input of comparator 465 senses a voltage propor- 
tional to the drain current of power MOSFET 495 multiplied 
by the on resistance of power MOSFET 495. 

When the voltage at the positive terminal of comparator 
465 rises above the voltage provided by external current 
limit adjuster signal 315 (o the negative terminal of com- 
parator 465, the output of comparator 465 is configured to 
reset latch 491 through AND gate 487 and OR gate 489. By 
resetting latch 491, the on portion of a cycle of waveform 
335 received at the gate of power MOSFET 495 is masked 
or cut short, which results in turning off power MOSFET 
495 when the amount of current flowing through power 
switch 147 rises above the threshold. 

In one embodiment, AND gate 487 also receives input 
from leading edge blanking delay circuitry 485. In one 
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embodiment, leading edge blanking delay circuitry 485, the current flowing through transistor 437 rises above the 

using known techniques, temporarily disables current limit current provided by current source 439, then the voltage at 

detection at the start, or during the leading edge portion, of the drain of transistor 437, which is the under-voltage signal 

an on transition of power MOSFET 495. 319, goes high. When under-voltage signal 319 goes high 

As shown in the embodiment illustrated in FIG. 4 t latch s ¥"* ^ NOR gate 445 will go low, indicating that 

491 is set at the beginning of each cycle by switching the ? 15 00 ^d^oltage condttion. 

waveform output 473. One way that latch 491 is reset, , Transistors 427 and 441 also form a current mirror since 

thereby turning off power MOSFET 495, is through the ^ and dram of transfer 427 are coupled to the gate 

output of comparator 465. Another way to reset latch 491 is °f lister 441. Therefore the current flowing through 

through the output of comparator 477, which will be dis- w ™ s * tor .441 » proportional to the current flowing through 

cussed below in connection with maximum duty cycle the taas ? or * 27 ' whic ^f P™F»<*>™1 >° P^e 

adjuster 325 current. Current source 443 provides a reference current, 

, " .. „„„ , „ which is compared to current that flows through transistor 

Wtth regard to positive current sensor 305, the gate of 441 M { ^ tbfi flo • tfar fa m 

transistor429iscoupledtothebandgapvoltageV^. Inone stays below the current provided by current source 443, then 

embodiment, transistor 429 is sized such that it operates with lhc TO , at thg drain of transistQr U1 wbjch - & the 

a current denstty resulting m a drop between the source and over . vo i ta g e signal 323, remains low. When over-vokage 

gate close to V rp , which is threshold of the P channel signal 323 rcmains low> tbe om t of NQR te 447 remains 

transistor 429, when positive current flows into multi- bigh assumiag that there was no under .voUage condition 

function termmal 149. In one embodiment, current that - miS5cM by under-voltage signal 319 and no remote off 

flows into multi-function termmal 149 ts referred to as - u cond iti 0 a indicated by on/off signal 311. 
positive current since the current is being fed m to the power ™ , , (xrrtn t ..... ,^, t 
e . «- 11 im .* u 6 U t u The output of NOR gate 447 is enable/disable signal 331. 

supply controller 139. As a result, the voltage at multi- T „ nM -JL^™^ * ui../,r „ut „• ^ in • i_- u -e 

t- "V t i 1 Ai\ * ^3 j * . .f In one embodiment, enable/disable signal 331 is high if 

function terminal 149 is fixed at approxtmately V + V oQ/off 3U Qf * * 

when posit.ve current flows into multi-fund^ terminal ^ and ove 6 r _ voUage signal 323 , s lDW B 0tl f erwise) enab |S 

disable signal 331 is low. 

The gate voltages on the transistors 407 and 429 chosen In 6m embodiment> the osci ii ator 467 receives enable/ 

m the embodiment discussed above are such that only one of djsable signal 331 at the start/stop input 469 ln one 

transistors 407 and 429 are switched on at a time depending embodime ot, oscillator 467 generates oscillating waveforms 

on the polarity of the current at the multi-function terminal. x at osciUating wave f on n outputs 471, 473 and 475 while 

Statedd 1 fferentiy, l ftran S i S tor407ison J transistor429i S oO-. eaaole/disab i e signal 331 is high or active. In one 

If transistor 429 * on, transistor 407 is off. As result, if erabodimem) osc u ]a tor 467 does not generate the osciUating 

negative current sensor 301 is on, posHrve current sensor waveforms al bating waveform outputs 471, 473 and 

305 is elated from multi-function terminal 149. If positive 475 whUe enable/disabIe sigQal 331 U bw or m _ active . In 

current sensor 305 is on, negative current sensor 301 is 3J oae einbodimemi 0SC Qi atQr 467 begins generating oscillat- 

isolated from multi-fuoctioc terminal 149. Therefore, if ing waveforms starting with new complete cycles on a rising 

there is negative current flowmg through multi-function ed of cnable/disable sigaal 331 . i n one embodiment, 

termmal 149, positive current sensor 305 is disabled. If there osciliator 46? existia les of the oscillatiQg 

is positive current fiowing through multi-function termmal waveforms generated at oscillating waveform outputs 471, 

149, negative current sensor 301 is disabled 4Q 473 and 475 ^fore stopping the waveforms in response to 

In one embodiment, the positive current that flows into a falling edge of enable/disable signal 331. That is, oscillator 
transistor 429 flows through transistor 431 since they are 467 stops generating the waveforms at a point just before the 
coupled in series. The positive current through multi- start of an on time of power switch of the next cycle in 
function terminal 149 flows into and is limited by current response to a falling edge of enable/disable signal 331. 
source 435. In one embodiment, if the positive current 45 i n one embodiment, control terminal 145 supplies power 
through multi-function termmal 149 * greater than an to lhe cu - guitry of power supp i y controller 139 and also 
amount that current source 435 can sink minus the current in provides feedback to modulate the duty cycle of switching 
transistor 433, then the voltage at multi- function terminal waveform 335. In one embodiment, control terminal 145 is 
149 will nse and is clamped either by the circuitry driving coupled to the output of the power supply 101 through a 
the current or by the standard clamping circuitry that is used 50 feedback circuit to regulate the output voltage of the power 
for proiecnon purposes on external terminals such as the supp i y 101 t d 0Qe embodiment, an increase in the output 
multi-function terminal, of a power suppiy controller. As voltage of power supply 101 results in the reduction in the 
shown, transistors 431 and 433 form a current mirror. duty cyc i e of Etching waveform 335 through feedback 
Therefore, the current flowing through transistor 433 is rcce ived through control terminal 145, Therefore, if the 
proportional to the positive current that flows through tran- 5S regulation level of the output parameter of power supply 101 
sistor 431. The current that flows through the transistor 433 that ^ beiog contro lied, such as output voltage or current or 
flows to transistor 427 since they are coupled in series. As power , is exceeded during operation, additional feedback 
shown, (be gate of transistor 427 is coupled to the drain of current is received through control terminal 145. This feed- 
transistor 427, which generates positive current sense signal back catKal flows through resistor 455 and through a shunt 
307 60 regulator formed by transistor 457 and comparator 459. If no 

Transistors 427 and 437 form a current mirror since the feedback current or control terminal current in excess of 

gate and drain of transistor 427 are coupled to the gate of supply current is received through control terminal 145, the 

transistor 437. Therefore, the current flowing through tran- current through transistor 457 is zero. If the current through 

sistor 437 is proportional to the current flowing through transistor 457 is zero, and assuming for the time being that 

transistor 427, which is proportional to the positive current. 65 there is no current through the diode 451, the current through 

Current source 439 provides a reference current, which is resistor 479 is zero. If there is no current flowing through 

compared to the current mat flows through transistor 437. If resistor 479, then the voltage drop across resistor 479 is zero. 
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If there is no voltage drop across resistor 479, there is no When current begins to flows through diode 451, that 

voltage drop across capacitor 483. As a result, the output of current will be combined with current that flows through 

comparator 477 will remain low. If the output of comparator transistor 457. In one embodiment, the current that flows 

477 remains low, and assuming for the time being that the through diode 451 is maximum duty cycle adjustment signal 

output of AND gate 487 remains low, the output of latch 491 5 327. The currem flowing through transistor 457 and diode 

will remain high. In this case, the maximum duty cycle 451 ^ fiow tfar h fesislor m ^ ^sm/tA in detail 

signal, which is produced by osaUator waveform output ab currem thal fltws th fa resistar m fl , , . 

471 will be generated at the output of AND gate 493. Thus, ^ volt d acrQSS ^ 4?9 whjch ^ - m a 

switebing waveform 335 wiii have the maximum duty cycle reduction in the ffla3fimum dul le of wave . 

produced by oscillator waveform ouLput 471. w form 335 ^ thfi (hal flow$ through ^ 

Therefore, when the voltage drop across resistor 479 i ncrea ses, the maximum duty cycle of switching waveform 

remains at zero, the maximum duty cycle produced al 335 w iu t» e decreased. 

oscillator waveform output 471 is not limited, assuming thai c - ,- c L 

the output of AND gate 487 remains low. This is because ™L * * lllustnUm S ™, ^ lhe curren *> 

latch 491 is not reset through the output of comparator 477. 15 *f X ^ ™? ^ P P T r SUPPly 

However, when the feedback current or control terminal * ™ wnb teachings of the present 

current in excess to the supply current is received through mVmU ° n - l ? ?^*> 5Q } ^ ates whe " ^ 

control terminal 145, this feedback current flows through ^J* 1 ? 1 * ? '° lhe mpUt ° f 

transistor 457. As the amount of current flowing through the ™^™lion terminal 149. The x-axis represents the posi- 

transistor 457 increases, the voUage drop across resistor 479 20 ^.fRj^f ™ B °T g v ° mtlUl - flinCtlC>n 

increases correspondingly. As a voltage drop across resistor f™™ 1 149 > M ^ T 

479 increases, the voltage drop across capacitor 483 will " ro ™* CfOSSes 0 ™ 50 m^roamps power supply 

increase. In any given cycle, when the voltage on the mitc f T ™ m one ™ bod ™* 15 eD f b f ■ * this Ume, 

oscillating waveform output 475 crosses below the voltage a ° Und ^ voha ^ «^«»P is removed. If the current » 

across the capacitor 483 the output of the comparator will go , s ab ° Ve 50 m ; croam I* but be ° ^ **taw zero imcroamps, 

high and terminate the on-time of the switching wavefo™ ^ S " PpIy C °° tr f er ^ 9 t * *^ ted : * T*' an 

335 or turn off the power switch 495. As a result, the duty ™ d *™ h *& ^ « det ^ed. The difference between 

cycle (on time as a fraction of the cycle lime) of the 50 ™ croam f f d *«> n^oamps provides hysteresis, 

switching waveform 335 decreases with increase in voltage ^ for £ 0re st f le ope , ratl ° D ^ ° f 

drop across resistor 479. 8 30 npple in the mput current. 

In one embodiment, the oscillating waveform at oscillat- M the m ? ut ™ nonl rises above 225 mit; roamps f the 

ing waveform output 475 is a sawtooth waveform having a pow ? r . is dsabjed. At this lime, an over-voltage 

duty cycle and period equal to the maximum duty cycle f°f^^ Elected. When the input current falls back 

waveform generated at oscillating waveform output 471. As be . 215 microam P s ' Ihe P ow « r supply is re-enabled. At 

the voltage drop across resistor 479 increases, the output of 35 ^ ^ owr-voltagc condition is removed. The dif- 

comparator 477 wQl go high closer to the beginning of each ." nc f between 22i microamps and 215 microamps P ro^ 

cycle. When the output of comparator 477 goes high, latch ^ des h y stere5is > wt » c k provides for more stable operation 

491 will be reset through NOR gate 489. When latch 491 is dunng noise or npple COTi &hons 10 the mput current, 

reset, the on time of the of switching waveform; 335 is Continuing with diagram 501, when the negative current 

terminated for that particular cycle and switching waveform 40 lilat ^ ows out ^ om multi-function terminal 149 rises in 

335 remains low for the remainder of that particular cycle. magnitude to a level above 50 microamps, which is illus- 

Latcb 491 will not be set again until the beginning of the trated 35 " 50 microamps in FIG. 5, the power supply is 

next cycle through switching waveform output 473, assum- enabled. At this time, the on/off feature of the present 

ing that there is a high or active enable/disabte^ignal 331. invention turns on the power supply. When the negative 

Referring now to maximum duty cycle adjuster signal 45 curreat faIls & magnitude to a level below 40 microamps, 
325, transistor 449 includes a source coupled to control which is illustrat ed as -40 microamps in FIG. 5, the power 
terminal 145 and a gate coupled the gate and drain of s u PPty is disabled. At this time, the on/off feature of the 
transistor 427 to receive positive current sense signal 307. presenl invention lurns off the P ow er supply. The difference 
Transistor 449 and transistor 427 also form a current mirror. between -50 microamps and 40 microamps provides 
Therefore, the current flowing through transistor 449 is 50 n yf teres£s > wnich provides for more stable operation, during 
proportional to the current flowing through transistor 427, Dois& or ri PP le conditions 10 the input current, 
which is proportional to the positive current flowing into K ^s worthwhile to note that in one embodiment the 
multi-function terminal 149. The current that Rows through positive input current is clamped at 300 microamps and that 
diode 451 is the difference between the current that flows the negative input current is clamped at 200 microamps. The 
through transistor 449 and the current that Sows into current 55 positive input current would be clamped at 300 microamps 
source 453. The current that flows through current source when, for example, the multi-function terminal 149 is short- 
453 is set such that current will not begin to flow through circuited to a supply voltage. The negative input current 
diode 451 until the current flowing through transistor 449 would be clamped at 200 microamps when, for example, the 
rises above a threshold. In one embodiment, the above multi-function terminal is short-circuited to ground, 
threshold value is chosen such that the maximum duty cycle eo In diagram 503, the current limit through power switch 
is not reduced until the positive current flowing into multi- 147 as adjusted by ihe present invention is illustrated. Note 
function terminal 149 rises above the threshold used for that the hysteresis of the under-voltage and over-voltage 
under-voltage comparison. In one embodiment, the thresh- conditions are illustrated from zero microamps to 50 micro- 
old positive curreat used for under-voltage comparison is amps and from 215 microamps to 225 microamps, respec- 
approximately 50 microamps and the threshold positive 6$ lively. In one embodiment, when positive input current is 
current used for maximum duty cycle adjustment is approxi- provided into multi-function terminal 149 and there is 
mately 60 microamps. neither an under-voltage condition nor an over-voltage 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



% t 



with the U.S. International Trade Commission ("ITC") in an effort to obtain expedited relief to 
prevent continued infringement through importation of the infringing products into the United 
States. The District Court case was stayed pending the proceedings in the ITC. The ITC instituted 
an investigation, and a hearing was held before an Administrative Law Judge ("ALT"), who found 
all asserted claims of the '908 patent to be valid and infringed and recommended an exclusion order 
against the infringing SG products. On August 1 1 , 2006, the ITC issued an exclusion order against 
the infringing SG chips. SG appealed the ITC decision, but the Federal Circuit affirmed the ITC's 
findings in all respects. 

25. After the findings that SG infringed the '908 patent and that the '908 patent was 
valid in the ITC trial and the issuance of the exclusion order, Fairchild purchased SG. Prior to its 
purchase of SG, Fairchild was itself also found to have infringed certain other of Power Integrations 
patents in a proceeding in the U.S. District Court for the District of Delaware. Like the ITC and the 
Federal Circuit, the Delaware Jury and Court both rejected Fairchild's challenges to the validity of 
these other Power Integrations patents as well. 

26. Since the acquisition of SG, SG has operated as a wholly-owned subsidiary of 
Fairchild, and Defendants have continued to sell SG chips and to introduce new chips based on the 
SG architecture, j 

27. During the parties' prior litigation, SG initiated multiple challenges to the validity of 

the '908 patent via filing two separate requests for ex parte reexamination before the USPTO 

/ 

raising a number of allegations of invalidity. On April 14, 2009, the USPTO issued Reexamination 

Certificate No. 6,538,908 CI, confirming the patentability of claims 1-10 and 19-34 of the *908. A 

/ 

true and correct copy of the '908 Reexamination Certificate is attached hereto as Exhibit D, 

28. After the USPTO confirmed the validity of claims in all of the patents previously 
asserted against SG, Power Integrations contacted Defendants regarding their continued 

infringement in a letter dated August 10, 2009. Despite the USPTO's confirmation o^the vi 

,/ 

of the '908 patent and Power Integrations 1 prior success in proving infringement anil vaiidij 
ITC proceeding and on appeal, Defendants have refused to agree to stop infringing Pow< 
Integrations* patents. / 

6 / 

COMPLAINT FOR/PAT 
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condition, the current limit through power switch 147 is 3 signal, which is received by AND gate 493, Enable/disable 
amps. However, when negative current flows out from signal 331, which is received at enable/disable input 469 of 
multi-function terminal 149, and the magnitude of the nega- oscillator 467, is also illustrated. Id FIG. 6A, the enable/ 
live current rises above 50 microamps, which is illustrated disable signal 331 is active. Therefore, the sawtooth wave- 
as -50 microamps in FIG. 5, the current limit through power 5 form of oscillating waveform output 475 and the maximum 
switch 149 is approximately 1 amp. As the magnitude of the duty cycle waveform of oscillating waveform output 471 are 
negative current rises to 150 microamps, which is illustrated generated. Note that the sawtooth waveform and the maxi- 
as -150 microamps in FIG, 5, the current limit through mum duty cycle waveform have the same frequency and 
power switch 149 rises proportionally with the negative period. One cycle of each of these waveform occurs between 
current to 3 amps. After the magnitude of the negative 1Q time 601 and time 60S. The peak of the sawtooth waveform 
current rises above 150 microamps, the current limit of the occurs at the same time as the rising edge of the maximum 
power switch 149 remains fixed at 3 amps. Note that there duty cycle waveform. This aspect is illustrated at time 601 
is also the on/off hysteresis between -50 microamps and -40 anti al umei 605. The lowest point of the sawtooth waveform 
microamps in diagram 503. occurs at the same time as the falling edge of the maximum 
Diagram 505 illustrates the maximum duty cycle setting dut y c y cle waveform. This aspect is illustrated at time 603. 
of power supply controller 139 in relation to the input Referring now to FIG. 6B, a timing diagram illustrating 
current. Note that the hysteresis from -50 microamps to 40 ABOth % embodiment of the waveforms of a power supply 
microamps, from zero microamps to 50 microamps and J™ troU * r m ««*>rdan ce with teachings .of the present inven- 

from to 215 microamps to 225 microamps as discussed l0Q a l ? S £°, WD - f° ra ^ 6 ? 7 10 J™ 609 ' *° ^le/disable 

, • • , j j , ... ,1-. * ■ signal 331 is low or inactive. In one embodiment, a low 

above is included. In the embodiment Ulustrated in diagram 20 ef f able/disable si 1 331 disables the j A m 

505, the maximum duty cycle is fixed at 75 percent unhl a 0 r active enable/disable signal 331 enables the power supply, 

positive input current of 60 microamps is reached. As the Al time 609 the d - ed of enable/disable signal 331 

input current continues to increase, the maximum duty cycle occurs At this timej oscillating waveform outputs 475 and 

continues to decrease until an input current of 225 micro- 471 begin generating the sawtooth waveform and maximum 

amps is reached, at which time the maximum duty cycle has 25 duty cycle waveform, respectively. Note that a new com- 

been reduced to 33 percent. As illustrated, between 60 " plete cycle of each of these waveforms is generated in 

microamps and 225 microamps, the maximum duly cycle is response to the rising edge of enable/disable signal 331 at 

inversely proportional to the positive input current. Note that time 609. 

when negative current flows through multi-function terminal From time 609 to time 611, enable/disable signal 331 

149, and when the power supply is enabled, the maximum 30 remains high or active. Thus, during this time, the sawtooth 

duty cycle in one embodiment is fixed at 75 percent. waveform and maximum duty cycle waveform are continu- 

Diagram 507 illustrates the voltage at mult i- function ously generated, 

terminal, which is labeled in diagram 507 as line sense At time 611, a falling edge of enable/disable signal 331 

voltage, in relation to the input current. When negative occurs. Before oscillator 467 discontinues generating the 

current is flowing from multi-function terminal 149, the 35 sawtooth waveform and the maximum duty cycle waveform, 

voltage at mulli -function terminal 149 is fixed at the band the existing cycles of each of these waveforms are allowed 

gap voltage V^, which in one embodiment is L25 volts. to complete. Stated differently, generation of the sawtooth 

When positive current is flowing into multi-function termi- waveform and the maximum duty cycle waveform is dis- 

nal 149, the voltage at multi-function terminal is fixed at the continued at a point just before the start of the on-time of the 

band gap voltage V BC plus a threshold voltage V TPi which 40 switching waveform 335 or the on-time of the power switch 

in one embodiment sum to 2.3 volts. In the event that a of the next cycle. This point in time is illustrated in FIG. 6B 

negative current having a magnitude of more than 200 at lime 613. Note that after time 613, the sawtooth waveform 

microamps is attempted to be drawn out of the multi- remains inactive at a high value and the maximum duty 

function terminal 149, the voltage at multi-function terminal cycle waveform remains inactive at a low value. 

149 drops to approximately zero volts. In the event that a 45 At time 615, another rising edge of enable/disable signal 

positive current of more than 300 microamps flows into 331 occurs. Therefore, the sawtooth waveform and the 

multi-function terminal 149, the voltage at multi-function maximum duty cycle waveform are generated beginning at 

terminal 149 rises. In this case, the voltage will be limited by a new complete cycle of each waveform. As illustrated in 

either by a standard clamp used at the multi-function ter- FIG. 6B, a falling edge of enable/disable signal 331 occurs 

minal for the purpose of protection or by the external 50 at time 617, which is immediately after the rising edge, 

circuitry driving the multi-function terminal, whichever is However, the sawtooth waveform and maximum duty cycle 

lower in voltage. waveforms are allowed to complete their then existing 

It is appreciated that the currents, voltages, duty cycle cycles. This occurs at time 619. After time 619, the wave- 
settings and hysteresis settings described In connection with forms remains inactive as shown during the time between 
the present invention arc given for explanation purposes 55 time 619 and time 621, which is when another rising edge 
only and that other values may be selected in accordance of enable/disable signal 331 occurs. At time 621, another 
with teachings of the present invention. For example, in new complete cycle of the sawtooth waveform and the 
other embodiments, non hysteretic thresholds may be mi- maximum duly cycle waveform are generated. Since enable/ 
lized. Thus the hysteresis values may be greater than or disable signal 331 is deactivated at time 623, which occurs 
equal to zero. m during a cycle of the sawtooth waveform and the maximum 

FIG. 6Ais timing diagram illustrating one embodiment of duty cycle waveform, these waveforms are deactivated after 

some of the waveforms of a power supply controller in fully completing their respective cycles. Thus, by pulsing 

accordance with teachings of the present invention. Refer- the on/off control signal at the multi-function terminal it is 

ring to both FIGS. 4 and 6A, oscillating waveform output possible to synchronize the oscillator to the on/off pulse 

475 of oscillator 467 generates a sawtooth waveform, which 55 frequency. 

is received by comparator 477. Oscillating waveform output FIG. 7 is a schematic of another embodiment of a power 

471 of oscillator 467 generates a maximum duty cycle supply controller 139 in accordance with the teachings of the 
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present invention. The power supply controller schematic 
shown in FIG. 7 is similar to the power supply controller 
schematic discussed above in FIG, 4. The primary difference 
between the power supply controller of FIGS. 4 and 7 is that 
oscillator 467 of FIG. 7 does not have an enable/disable 
input 469 coupled to receive enable/disable signal 331. As 
shown in the embodiment depicted in FIG. 7, the enable/ 
disable signal 331 is used to directly gate the switching 
waveform at the input of AND gate 493. In this embodiment, 
the oscillator 467 is running all the time and switching 
waveform 335 will be gated on and off at any point in the 
cycle in response to the enable/disable signal 331. 

To illustrate, FIG. 8 shows one embodiment of timing 
diagrams of switching waveforms of the power supply 
controller illustrated in FIG. 7. Referring to both FIGS- 7 
and 8, oscillating waveform output 475 of oscillator 467 
generates a sawtooth waveform, which is received by com- 
parator 477. Oscillating waveform output 471 of oscillator 
467 generates a maximum duty cycle signal, which is 
received by AND gate 493. Enable/disable signal 331, which 
is received by AND gate 493, and the output of AND gate 
493, which is switching waveform 335, are also illustrated. 
In FIG. 8, the enable/disable signal 331 is active only some 
of the time. Therefore, the switching waveform 335 is 
switching only during those portions of time that the enable/ 
disable signal 331 is active. When the enable/disable signal 
331 is not active, switching waveform 335 does not switch. 

In the foregoing detailed description, the method and 
apparatus of the present invention has been described with 
reference to specific exemplary embodiments thereof. It 
will, however, be evident that various modifications and 
changes may be made thereto without departing from the 
broader spirit and scope of the present invention. The 
present specification and figures are accordingly to be 
regarded as illustrative rather than restrictive. 

What is claimed is: 

1, A power supply controller, comprising: 
a power switch having first, second and third terminals, 

lhe first terminal to be coupled to a transformer of a 
power supply and the second terminal la be coupled to 
an input of the power supply; 

a control circuit coupled to a control terminal of the power 
supply controller and the third terminal of the power 
switch, the control terminal coupled to an output of the 
power supply, the control circuit to generate a switch- 
ing waveform to control the power switch; and 

multi-function circuitry coupled between a multi-function 
terminal of the power supply controller and the control 
circuit, the switching waveform generated in response 
to the control terminal and the multi-function terminal. 

2. The power supply controller of claim 1, wherein the 
multi-function circuitry comprises: 

a negative current sensor coupled to the multi-function 
terminal, the negative current sensor to generate a 
negative current sense signal in response to the multi- 
function terminal if a voltage at the multi-function 
terminal is less than a first voltage, the negative current 
sensor isolated from the multi-function terminal if the 
voltage at the multi-function terminal is greater than the 
first voltage; 

a positive current sensor coupled to the multi-function 
terminal, the positive current sensor to generate a 
positive current sense signal in response to the multi- 
function terminal if the voltage at the multi-function 65 
terminal is greater than a second voltage, the positive 
current sensor isolated from the multi-function terminal 
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if the voltage at the multi-function terminal is less than 
the second voltage, wherein the second voltage is 
greater than the first voltage, the switching waveform 
generated in response to the negative current sense 
5 signal and the positive current sense signal. 

3. The power supply controller of claim 1 wherein the 
multi-function circuitry comprises on/off circuitry coupled 
to the control circuit and responsive to the multi-function 
terminal, the on/off circuitry to control the control circuit to 

j0 start and to stop the switching waveform in response to the 
multi-function terminal. 

4. The power supply controller of claim 1 wherein the 
multi-function circuitry comprises external current limit 
adjuster circuitry coupled to the control circuit and respon- 

15 sive to the multi-function terminal, the external current limit 
adjuster circuitry to control lhe control circuit to adjust a 
current limit of the power switch in response to the multi- 
function terminal. 

5. The power supply controller of claim 1 wherein the 
70 multi-function circuitry comprises over-voltage comparator 

circuitry coupled to the control circuit and responsive to the 
multi-function terminal, the over-voltage comparator cir- 
cuitry to control the control circuit to start and to stop the 
switching waveform in response to the multi-function ter- 
25 minal. 

6. The power supply controller of claim 1 wherein the 
multi-function circuitry comprises maximum duty cycle 
adjuster circuitry coupled to the control circuit and respon- 
sive to the multi-function terminal, the maximum duty cycle 

3 Q adjuster circuitry to adjust the maximum duty cycle of the 
switching waveform in response to the multi-function ter- 
minal. 

7. The power supply controller of claim 1, wherein a 
voltage at the multi-function terminal is substantially equal 

3S to a first constant voltage if there is a negative current 
flowing through the multi -function terminal. 

8. The power supply controller of claim 1, wherein a 
voltage at the multi-function terminal is substantially equal 
to a second constant voltage if there is a positive current 

40 flowing through the multi-function terminal. 

9. The power supply controller of claim 1 wherein the 
first, second and third terminals of the power switch are 
drain, source and gate terminals, respectively. 

10. The power supply controller of claim 1 wherein the 
4S first terminal is to be coupled to a primary winding of the 

transformer. 

11. A method for controlling a power supply, comprising: 
generating a switching waveform to control a power 

switch of a power supply controller coupled to a 
50 primary winding of the power supply; 

adjusting the switching waveform in response to a control 
terminal of the power supply controller coupled to an 
output of the power supply; and 
adjusting the switching waveform in response to a signal 
55 at a multi-function terminal of the power supply con- 
troller. 

12. The method of claim 11 wherein adjusting the switch- 
ing waveform in response to the signal at the multi-function 
terminal comprises generating a negative current sense 

60 signal if a current flowing through the multi-function ter- 
minal flows out of the power supply controller from the 
multi-function terminal. 

13. The method of claim 11 further comprising adjusting 
a current limit of the power switch in response to the signal 
at the mulli-functlon terminal. 

14. The method of claim 11 wherein adjusting the switch- 
ing waveform in response to the signal ai the multi-function 
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terminal comprises enabling and disabling the switching 
waveform in response to the signal at the multi- function 
terminal, 

15. The method of claim 11 wherein adjusting the switch- 
ing waveform in response to the signal at the multi-function 5 
terminal comprises generating a positive current sense signal 
if a current flowing through the multi-function terminal 
flows into the power supply controller through the multi- 
function terminal. 

16. The method of claim 11 further wherein adjusting the 10 
switching waveform in response to the signal at the multi- 
function terminal comprises adjusting a maximum duty 
cycle of the switching waveform in response to the signal al 
the multi-function terminal. 

17. The method of claim 11 further comprising identifying is 
an under-voltage in the power supply in response to the 
signal at the multi-function terminal. 

18. The method of claim 11 further comprising identifying 
an over-voltage in the power supply in response to the signal 
at the multi-function terminal. 

19. A power supply controller, comprising: 
a power switch coupled between a transformer of a power 

supply and an input terminal of the power supply; 

a control circuit coupled to the power switch and a control 
terminal of the power supply controller, the control 
terminal coupled to an output of the power supply, the 
control circuit to generate a switching waveform to 
control the power switch; and 

multi-function circuitry providing a plurality of functions 
coupled between a multi-function terminal of the power 
supply controller and the control circuit, the control 
circuit adapted to generate the switching waveform 
generated in response to the control terminal and the 
multi-function circuitry. 

20. The power supply controller of claim 19 wherein the 
plurality of functions provided by the multi-function cir- 
cuitry include at least two or more of current limit 
adjustment, under-voltage detection, over-voltage detection, 
maximum duly cycle adjustment and on/off control circuitry 
at the same time in the power supply controller. 

21. The power supply controller of claim 20 wherein the 
current limit adjustment, under-voltage detection, over- 
voltage detection, maximum duty cycle adjustment and 
on/off control circuitry are adapted to be responsive to a 
signal at the multi-functional terminal. 

22. The power supply controller of claim 20 wherein at 
least a portion of the plurality of functions provided by the 
multi- function circuitry are adapted to be implemented 
during startup operation of the power supply. 

23. The power supply controller of claim 20 wherein at 
least a portion of the plurality of functions provided by the 
multi-function circuitry are adapted to be implemented 
during normal operation of the power supply. 

24. The power supply controller of claim 20 wherein at 
least a portion of the plurality of functions provided by the 
multi-function circuitry are adapted to be implemented 
during fault conditions in of the power supply. 

25. The power supply controller of claim 20 wherein at 
least a portion of the plurality of functions provided by the 
multi-function circuitry are adapted to be implemented 
during standby operation of the power supply. 

26. A power supply controller circuit, comprising: 
a multi-function circuit coupled to receive a signal at a 

multi-function terminal for adjusting a current limit of 



a power switch, the multi-function circuit (o generate a 
current limit adjustment signal in response to the sig- 
nal; and 

a control circuit coupled to receive the current limit 
adjustment signal, the control circuit coupled to adjust 
the current limit of a current through the power switch 
in response to the current limit adjustment signal. 

27. The power supply controller circuit of claim 26 
wherein the control circuit is further coupled to an output of 
a power supply through a control terminal of the power 
supply controller circuit, the control circuit adapted to 
control a switching of the power switch in response to the 
output of the power supply. 

28. The power supply controller circuit of claim 26 
wherein the control circuit includes a control terminal 
adapted to provide a supply voltage for the power supply 
controller. 

29. The power supply controller circuit of claim 28 
20 wherein an optocoupler is coupled to an output of a power 

supply, wherein an output transistor of the optocoupler is 
coupled between the control terminal and the multi-function 
terminal such that the current limit of the current through the 
power switch is adjusted in a closed loop to regulate the 
25 output of the power supply. 

30. A method for controlling a power supply, comprising: 
sensing a signal at a multi-function terminal of a power 

supply controller; 
30 controlling a current flowing through a primary winding 
of the power supply with a power switch coupled to the 
primary winding; and 
adjusting a current limit of the current flowing through the 
primary winding in response to the signal at the multi- 
35 function terminal 

31. The method of claim 30 further comprising: 
receiving a feedback signal from an outpul of the power 

supply at a control terminal; and 
40 regulating the output of the power supply in response to 
the feedback signal and the current limit of the current 
flowing through the primary winding. 

32. The method of claim 30 wherein adjusting the current 
limit of the current flowing through the primary winding 

* 5 comprises increasing the current limit of the current flowing 
through the primary winding in response to sensing an 
increase in the signal at the multi-function terminal of a 
power supply controller. 
^ 33. The method of claim 30 wherein adjusting the current 
* limit, of the current flowing through the primary winding 
comprises decreasing the current limit of the current flowing 
through the primary winding in response to sensing a 
decrease in the signal at the multi-function terminal of a 
power supply controller. 
' 5 34. The method of claim 30 wherein controlling the 
current flowing through the primary winding of the power 
supply comprises: 
switching the power switch in response to a switching 
_ 0 waveform; and 

adjusting the switching waveform in response to the 
signal at the multi-function terminal of a power supply 
controller. 
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(57) ABSTRACT 

A power supply controller having a multi-function terminal. 
In one embodiment, a power supply controller for switched 
mode power supply includes a drain terminal, a source 
terminal, a control terminal and a mult i -function terminal. 
The multi -function terminal may be configured in a plurality 
of ways providing any one or some of a plurality of functions 
including on/off control, external current limit adjustments, 
under-voltage detection, over-voltage detection and maxi- 
mum duty cycle adjustment. The operation of the multi- 
function terminal varies depending on whether a positive or 
negative current flows through the multi -function terminal. 
A short-circuit to ground from the multi-function terminal 
enables the power supply controller. A short-circuit to a sup- 
ply voltage from the multi -function terminal disables the 
power supply controller. The current limit of an internal 
power switch of the power supply controller may be adjusted 
by externally setting a negative current from the multi- 
function terminal. The multi -function terminal may also be 
coupled to the input DC line voltage of the power supply 
through a resistance to detect an under-voltage condition, an 
over- voltage condition and/or adjust the maximum duty 
cycle of power supply controller. Synchronization of the 
oscillator of the power supply controller may also be real- 
ized by switching the multi-function terminal to power or 
ground at the desired times. 
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ABSTRACT 



A switching regulator that operates at a frequency for a first 
range of feedback signal values and at a variable frequency 
without skipping cycles for a second range of feedback 
signal values. In one embodiment, a switching regulator for 
a switched mode power supply includes a power switch 
coupled between drain and source terminals of the switching 
regulator, which are to be coupled to control the delivery of 
power to an output of a power supply. A control terminal of 
the switching regulator is to be coupled to an output of the 
power supply. The switching regulator includes a control 
circuit coupled to the control terminal and generates a 
feedback signal that is responsive to the output of the power 
supply. The control circuit also generates a drive signal that 
is coupled to control the switching of the power switch. The 
control circuit generates the drive signal responsive to the 
feedback signal. The drive signal has a fixed frequency for 
a first range of feedback signal values and at a variable 
frequency without skipping cycles for a second range of 
feedback signal values. 

29 Claims, 4 Drawing Sheets 
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Defendants* power supply controller products that include what Defendants characterize as 
providing "Constant Output Power Limit" functionality by sensing line voltage variations through 
sensing current at an input pin of the controller (for example, the "Vin pin"), and further providing 
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METHOD AND APPARATUS FOR 
IMPROVING EFFICIENCY IN A SWITCHING 
REGULATOR AT LIGHT LOADS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to power supplies 
and, more specifically, the present invention relates to a 
switching regulator. 

2. Background Information 

Electronic devices use power to operate. Switched mode 
power supplies are commonly used due to their high effi- 
ciency and good output regulation to power many of today's 
electronic devices. In a known switched mode power supply, 
a low frequency (e.g. 50 or 60 Hz mains frequency), high 
voltage alternating current (AC) is converted to high fre- 
quency (e.g. 30 to 300 kHz) AC, using a switched mode 
power supply control circuit. This high frequency, high 
voltage AC is applied to a transformer to transform the 
voltage, usually to a lower voltage, and to provide safety 
isolation. The output of the transformer is rectified to 
provide a regulated DC output, which may be used to power 
an electronic device. The switched mode power supply 
control circuit usually provides output regulation by sensing 
the output and controlling it in a closed loop. 

A switched mode power supply may include an integrated 
circuit switching regulator, which may include an output 
transistor coupled in series with a primary winding of the 
transformer. Energy is transferred to a secondary winding of 
the transformer by turning on and off of the output transistor 
in a manner controlled by the switching regulator to provide 
a clean and steady source of power at the DC output. The 
transformer of a switched mode power supply may also 
include another winding called a bias or feedback winding. 
In some switched mode power supplies, the feedback or 
control signal can come through an opto -coupler from a 
sense circuit coupled to the DC output. The feedback control 
signal may be used to modulate a duty cycle of a switching 
waveform generated by the switching regulator. The duty 
cycle is defined as the ratio of the on time to the switching 
period of the output transistor. IF there is a large load at the 
DC output of the power supply, the switching regulator 
responds to this situation by increasing the duty cycle and 
thereby delivering more power to the load. If the load 
becomes lighter, then the switching regulator senses this 
change through the feedback signal and reduces the duty 
cycle. 

If the load is further reduced and if the power delivered to 
the DC output cannot be reduced indefinitely, then the DC 
output voltage increases, resulting in poor output regulation. 
This unfavorable situation becomes worse if the load is 
completely removed. To improve the output regulation, a 
constant load may be connected internal to the power supply. 
However, because the internal load is always connected, 
even when there is no load at the DC output, the power 
supply efficiency is decreased. The power supply efficiency 
loss is generally due to three components: (1) DC operating 
power that keeps the switching regulator circuitry operating, 
(2) the switching losses that are due to switching of the 
switching regulator output transistor and its drivers — 
switching losses are directly proportional to the operating 
frequency, and (3) the power that is consumed by the 
internal load. 

In order lo improve efficiency, a switching regulator may 
use a method called cycle skipping. Cycle skipping method 
involves reducing the duty cycle as the load decreases, and 
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when the duty cycle is reduced down to a predetermined 
minimum duty cycle, it alternatively switches for some 
duration of time and stays idle for another duration of time 
depending on the load. During this mode, if the load 

5 increases very slightly, the output transistor will switch at 
minimum duty cycle for a short time until the power 
demanded by the load is delivered and then stop switching 
again. In theory, the cycle skipping mode decreases the 
switching losses at light loads since switching occurs as 

10 intermittent groups of pulses, Also, cycle skipping elimi- 
nates the need for the constant internal load. However, if the 
groups of pulses occur at a frequency that is within the audio 
range and the minimum duty cycle is larger than optimum, 
then the power supply may create an undesirable audio 
noise. In addition, cycle skipping degrades the output ripple 

15 since it typically occurs in groups of pulses and therefore the 
energy is delivered to the load intermittently. 

SUMMARY OF THE INVENTION 
Switching regulator methods and apparatuses are dis- 

20 closed. In one embodiment, a switching regulator includes a 
power switch coupled between first and second terminals. 
The first terminal is to be coupled to an energy transfer 
element of a power supply and the second terminal is to be 
coupled to a supply rail of the power supply. A control circuit 

25 is coupled to a third terminal and the power switch. The third 
terminal is to be coupled to an output of the power supply. 
The control circuit is coupled to generate a feedback signal 
responsive to the output of the power supply. The control 
circuit is coupled to switch the power switch in response to 

30 the feedback signal. The control circuit is coupled to switch 
the power switch at a fixed switching frequency for a first 
range of feedback signal values and coupled to vary a 
switching frequency of the power switch without skipping 
cycles in response to the feedback signal for a second range 

35 of feedback signal values. Additional features and benefits 
of the present invention will become apparent from the 
detailed description, figures and claims set forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 The present invention detailed illustrated by way of 

example and not limitation in the accompanying figures. 
FIG. 1 is a schematic illustrating one embodiment of a 

power supply including a switching regulator in accordance 

with the teachings of the present invention. 
45 FIG. 2 is a schematic illustrating one embodiment of a 

switching regulator in accordance with the teachings of the 

present invention. 
FIG. 3 is a timing diagram illustrating waveforms of one 

embodiment of switching regulator operating at full fre- 
50 quency in accordance with the teachings of the present 

invention. 

FIG. 4 is a timing diagram illustrating waveforms of one 
embodiment of switching regulator operating at a lower 
frequency in accordance with the teachings of the present 
55 invention. 

FIG. 5 is a diagram illustrating one embodiment of a 
relationship between frequency and current in one embodi- 
ment of switching regulator in accordance with the teachings 
of the present invention. 
50 FIG. 6 is a diagram illustrating one embodiment of a 
relationship betweeo duty cycle and current in ooe embodi- 
ment of switching regulator in accordance with the teachings 
of the present invention. 

65 DETAILED DESCRIPTION 

Method and an apparatus for regulating a power supply 
are disclosed. In the following description, numerous spe- 
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cific details are set forth in order to provide a thorough of switching regulator 239 includes a power switch 247 

understanding of the present invention. It will be apparent, coupled between a drain terminal 241 and a source terminal 

however, to one having ordinary skill in the art that the 243. Agate of power switch 247 is coupled to be switched 

specific detail need not be employed to practice the present in response to a drive signal 261 generated by control circuit 

invention. In other instances, well-known materials or meth- 5 24 ^. 

ods have not been described in detail in order to avoid Control circuit 249 includes a feedback signal circuit 349 

obscuring the present invention. coupled to generate a feedback signal 248 responsive to an 

Tne present invention improves the efficiency of a power ° ut P ut f f£ s !S naI 246 ™? Ied t0 be rcceiv edby control 

supply switching regulator with pulse width modulation by t f enninai 245 ' Id 0Q , e ^dim«nt, an internal bias current 

decreasing the operating frequency at light loads. Switching « for ™J h ™* 239 duri f ™rmal operation ls 

i a a *u , , c ~ provided by an internal shunt regulator coupled to control 

losses are decreased with one embodiment or the present : • , , . j- * 

invention since switching losses are directly proportional to termmal 245 !° °fj m ^™ en }> an e * te ^ al «P«f r 

c A j. if * j *,i such as capacitor 151 of FIG. 1, is coupled to control 

operating frequency. Audio noise problems associated with i . , _/l _ , ,, r c ... 

' „ T j ' -, u . „ , „ „ , . , terminal 245. For instance, one embodiment or switching 

present day switching regulators are no longer a problem , . -, ft . . ' . ... . , , ° 

f • • • r c ■ . , c regulator 239 is powered after an initial tum-oa by current 

because the minimum operating frequency of a switching « . 5 , . , * , * 

regulator in accordance with the teachings of the present int ° °° ntro1 lGm ™}* 45 } b ™* h ° P 133 ^ 

invention is chosen to be above audible frequency. One °^ ul sense TS, ' ? o^ P , t> T PUt 129 

embodiment of the present invention also improves output °f P ower m ^ showI ? ^ a Part of J be current 

ripple since the pulse width modulation is continuous in int0 con , lro1 P ow ^rs up the circuitry 

nature and not intermittent, 20 of ^hing regulator 239 and the remainder is shunted to 

^ n r^r^. ^ • , , , , • ground by the shunt regulator. Feedback signal 248 is 

To illustrate, FIG. 1 is a block diagram showing a power Oracled from the amount of current that is shunted to 

supply 101 including one embodiment of a switching regu- ground If there ^ a substarltial load 130 COU pi ed to the 

lalor 139 m accordance with the teachings of the present out t m of r L 101 tbeQ al] availabIe currenl 

invention. As shown, a bndge rectifier 105 and capacitor 107 goes tQ ^ j oac j 

are coupled to rectify and dlter an input altematmg current 25 To m ' a n 

(AC) voltage received at AC mains 103. In one embodiment, circui( M9 of RG 2 ^ sfa arator 456 mclud ^ a 

a positive power supply rail 108 and a ground power supply - , , , • . i * n 

r -j • ™ -jT , positive terminal coupled to an internal reference voltage . 

rail 106 are provided across capaci or ^107 The rectified ^ o ^ termiaa f 0 f coraparator 456 k CODn6Cted , * a 

voltage generated by bridge rectifier W5 and capacitor 107 yoU ^ ig a fraction of ^ coQtroi 243 yQ 

is received at a primary winding 115 of an energy transfer *i, m ,.„u „ ™n ™ ^- i, p • . i j- 

. . l * * i uj- . through a voltage divider network of resistors including 

element, such as transformer 113. In one embodiment, *, m „ ? + M c^^^t^ d« ^^^^ „t»- 

c .... , , , . ,. resistors 2U2 and 2U3. Lomparator 456 compares the uiter- 

transtonner 113 includes a secondary winding 117 and a bias , , f . \. .. ~ ... . , ~ AS 

• j- im r\- j 1-11 j i^^» . nal reference voltage to the fraction of control terminal 245 

winding 119. Diode I2l and capacitor 123 rectify and filter u v i *u n. 

nr> J . l j- j j • *U- ^ voltage. If the internal reference voltage is lower than the 

DC output 129, whereas diode 125 and capacitor 127 rectify , • , u ■ j- t + i. » *l 

a *u k -j- 35 fraction of control terminal 245 voltage, indicating that the 

and filter the bias winding. ... . , - lf . , & . . * 

& control terminal 245 voltage is at the nominal voltage, the 

The switching regulator 139 includes a drain terminal 141 output of comparator 456 goes low, turning on transistor 

coupled to the primary winding 115 and a source terminal 2 04. Any excess current that is going into the control 

143 coupled to the ground rail 106. In one embodiment, terminal 245 is shunted to ground through transistors 204 

switching regulator 139 includes a control circuit 149, which 4Q and 2 05. Since the transistors 205 and 207 form a current 

generates a dnve signal 161 to switch a power switch 147 to mi,^ a proportional fraction of this shunt current is used 

transfer the energy to the secondary winding 117 using as the feedback current in transistor 207. The feedback 

transformer 113. Diode 111 and Zener 109 are used for curreDt is converte d to a feedback voltage signal through 

clamping the drain terminal 141. resistor 2 06, from which feedback signal 248 is generated. 

A load 130 is configured to be coupled across output 129. 45 An example embodiment of control circuit 249 includes a 
A feedback loop is formed from output 129 through output pulse width modulator (PWM) circuit 348. PWM circuit 348 
sense circuit 131 to a control terminal 145 of the switching generates drive signal 261 in response to feedback signal 
regulator 139. The feedback loop includes the output sense 248, which is used to cootrol the duty cycle of power switch 
circuit 131 and opto-coupler 133. The opto-coupler 133 247. PWM circuit 348 includes an oscillator 449 that gen- 
includes a transistor 135 that is optically coupled to a 50 erates three signals: SAW 451, CLOCK 453 and DMAX 
photodiode 137. An output sense signal 146 responsive to 455. As illustrated, the DMAX 455 signal is high during the 
output sense circuit 131 is coupled to be received by control ramp-up of SAW 451 and DMAX 455 is low during the 
terminal 145 of the switching regulator 139. Output sense ramp-down of SAW 451. In one embodiment, the CLOCK 
signal 146 may be a current or a voltage. The combined bias 453 signal is a short pulse generated at the low to high 
supply current as well as the feedback current is provided to S5 transition of DMAX 455. The CLOCK 453 signal is coupled 
the control terminal 145 by the opto-coupler 133 using the to the S input of flip-flop 463 to set flip-flop 463. 
bias winding 119. Thus, the control terminal 145 may be When the CLOCK 453 signal goes high, the Q signal 
characterized as a supply voltage (V T )/feedback terminal for output of me flip _ flop 463 goes high and remains high untiI 
switching regulator 139. This control terminal 145 is there- the flip-flop 463 is reset by the R input of flip-flop 463 going 
fore frequently referred to as a combined electrical terminal. 60 high al a later lime ^ Q signal outpm of mp . flo p 463 is 
An external capacitor 151 is connected between control coupled to one of the inputs of the NAND gate 465. The 
terminal 145 and ground. other input of tbe NAND gat6 465 comes &om ^ DMAX 

FIG. 2 is a schematic illustrating one embodiment of a 455 signal of the oscillator 449. Since DMAX 455 is also 

switching regulator 239 in accordance with the teachings of high during this time, the output of NAND gate 465 is low 

Ybe present invention. In one embodiment, switching regu- 65 and the output of the inverter 469 is high. In one 

Iator 239 of FIG. 2 may be utilized in place of switching embodiment, the output of inverter 469 is drive signal 261 

regulator 139 of FIG. 1. As shown, an example embodiment coupled to switch power switch 247. 
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When drive signal 261 is high, the power switch 247 is on. signal, the power supply 101 is operating within its nominal 
In one embodiment, drive signal 261 is coupled to turn off load range. In this case, PWM 348 will set the proper duty 
power switch 247 when either of the following conditions cycle for drive signal 261 in response to feedback signal 248 

are met: the reset R input of the flip-flop 463 goes high, or, to keep the output 129 of power supply 101 regulated, 
DMAX 455 of oscillator 449 goes low, which corresponds 5 In one embodiment, control circuit 249 also includes a 

to maximum duty cycle condition during start-up or an timer circuit 347 in accordance with the teachings of the 

overload condition. The reset R input of the flip-flop 463 present invention. In one embodiment, if the duty cycle of 

goes high if the output of the comparator 457 goes high, or, dr »ve signal 261 is larger than 10%, the switching regulator 

if the current limit signal input of OR gate 458 goes high. 239 operates at a full frequency. In one embodiment, the full 

As shown, one input of OR gate 458 is coupled to receive «> ^^cy is 100 kHz. It is appreciated of course that actual 

the current limit signal and the other input of OR gate 458 Y alues P"**** in this disclosure, such as the 100 kHz 

is coupled to receive an output of comparator 457. In one frequency vaiue> are pf0Vlded for explanation purposes and 

embodiment, the current limit signal going high indicates that other acluaI values m ^ be utiIized in accordance with 

that the current through the power switch 247 has exceeded J e * ach ™& of tte present invention. For purposes of this 

a prescribed limit and the power switch 247 is immediately « disclosure, the duty cycle of drive signal 261 is equal to the 

turned off. The output of comparator 457 goes high when the ° f dnve 261 divided b V the P eriod T of drive 

SAW 451 signal of oscillator 449 is higher than the feedback S1 8 nal 261 ^ P enod T 15 ec l ua) t0 tbe oQ-time+off-time of 

signal 248 coming from the drain of transistor 207. In one dnve S1 8 nal 261 TIjus ' for a dnve S1 6 nal 261 Wlth a M1 

embodiment, the feedback signal 248 is a very slow moving frequency of 100 kHz, the penod F of each cycle of dnve 

signal— almost a DC level signal in comparison to the SAW 2a signal 261 is equal to V 10 o kHz or 10 ,us and the on-time of 

451 signal of oscillator 449. In one embodiment, the SAW a c 10 ^ du ? ^ is e ? ual 10 1 ^ ^ the off " time 

451 signal is a 100 kHz saw-tooth signal, of a 10% duX y °y de si B nal * ec I ual t0 10 Z^" 1 V s * w 9 >«• 

i i^j- ou,» f - % ^ao . j It is appreciated that PWM circuit 348 adjusts the duty cycle 

In one embodiment, PWM circuit 348 operates under at * j • i - c j, , - ti , 0 t- i_ 

i ^ .v, a-k . a%- ri\ u *u e au i • i of drive signal 261 in response feedback signal 248, which 

least three different conditions: (1) when the feedback signal ™„™™nL (n i„.,.i»f a i~ a nn . < 

ti „ „ v ' „ . , s ,_,. 25 15 responsive to the level ot the load 130 coupled to output 

248 is less than tbe "valleys of the SAW 451 signal, (2) n * ■ . h e i mi 

• * c J. i . J. a . . . v { 129 as well as the input voltage of power supply 101. 

when tbe feedback signal 248 is greater than the "peaks of , ... , & r , f . „ 

the SAW 451 signal, and (3) when the feedback signal 248 Il] °" e embodiment , there are two modes of operation for 

is in between the "peaks" and "valleys" of the SAW 451 a ff cl » n g 239 in accordance with the teachings 

signal 0 present invention — full frequency and low frequency. 

„„/ L . . , ,, , , , . 30 In one embodiment, the on-time of the power switch 247, 

When there is a considerable current through the rector which is Ksponsive to feedback si j 248> dcIermincs 

w V C ? neSP °^- V u l f Se ^ ^ ( «»tor whether switching regulator 239 operates at full frequency 

fl^^t ? lg0al 248 ? bd ° W th£ t y or low ^quency. In one embodiment, when the on-time of 

SAW 451 signal In one embodiment, a large amount of drive signal 261 ^ greater tfaan x the pwM circuit 3 ^ 

current through the resistor 206 indicates that there is large 35 operates m f reque ncy mode. When the on-time of drive 

amount of current being dumped into the control terminal sigad 261 fe ^ thaa t ^ pWM circuil 34g QS 

246, which in turn indicates that the power demand by load in low freque ncv mode. Therefore, since the duty cycle of 

130, winch is coupled to the output 129 of power supply drive si { 261 fe sive t0 feedback si , 248 the 

101, is low In this situation, the positive terminal of the PWM circuit 348 ^ ; D M] frequency mode for one 

W ?P arato y * S7 ?t lways ^ reater J™. ^ negative terminal 40 ra o£ vaiues for feedbadf si j 248 and pwM drcuU 

and the output of ^comparator 457 * always high which 348 tes in , ow f mode for of 

™T L « ^Ti^ fiiP ' fl ,° P 463 u hl I h tb J° U t?* gaLe l 4 i 8 ' values for feedback signal 248. 

When CLOCK 453 signal sets the flip-flop 463 through the T „ „ M . t & - t , - . . . 

c a. n , * * *f«- n «i • j * u- u j In one embodiment, switching regulator 239 is operated 

S input, the Q output of flip-flop 463 is ready to go high and - t lt . , » *, „ . ■ 

n t u , * l r*« u- u * *. m full and low frequency modes as follows. A signal 

pull the gate of power switch 473 high to turn on power _ , ny^TXT iei ■ j • ^ c ^ nili ,. v °r,, 

,„.,,,, j« u ,^ D ■ . p fl . a A £i ■ ^ designated TMIN 257 is denved from the DMAX 455 

switch 473. However, since R input of the flip-flop 463 is - ®. , _ ^ . ^ . T^,, fl . r ^ = « , . , . 

ir^t u;„i, a « ^« v - • a- , i Vi «-v signal. In one embodiment, TMIN 257 includes a pulse that 

kept high, the flip-flop 463 is reset immediately and the Q , u •' j xt^i^av^cc a 

™.w„.i n; fi« ziica u n i • i- , I IS generated at each rising edge of DMAX 455. As 

output or Rip-flop 463 goes back down immediately, never - M , t j lU . , -.^.t^-—,- j, 

niu«nnrT thJ ..^Lu ijiT f illustrated, the durauoo of the pulse oi TMIN 257 is deter- 

allowing the power switch 247 to turn on. „. , r „ , ___ 

& v mined by a capacitor 353 and current sources 351 and 352. 

In one embodiment, the feedback signal 248 is greater ^ i a OQe embodiment, capacitor 353 is coupled to be dis- 

thao the "peaks" of the SAW 451 signal when there is not char g ed through curreQ[ 3S1 and 352 through tran . 

enough current through the resistor 206 to drop the voltage sistor 2 10. In one embodiment, current source 351 draws 

of feedback signal 248 down. In one embodiment, this is the charge at a raLe 30 times greater vfa an current source 352 

case when the output 129 is heavily loaded by bad 130. In from capacitor 353. When both current sources 351 and 352 

this situation, the positive terminal of the comparator 457 is 55 are on at ^ samc time t0 discharge capacitor 353, the 

always less than the negative terminal and tbe output of the duration of the TMIN 257 pulse width will be 1 ^, 10% of 

comparator 457 is always low, keeping the R input of the full frequency period of one embodiment of drive signal 

flip-flop 463 low and never resetting the flip-flop 463. This 2 61. In one embodiment, the current source 352 is always 

means that after the CLOCK 453 signal turns on the power activated to discharge capacitor 353. However, the current 

switch 473 by setting the flip-flop 463, which makes the Q 60 source 351 ^ onlv act i vated t0 discharge capacitor 353 when 

output of flip-flop 463 go high, the power switch 247 is not the output of inverter 479 is high, or output of AND gate 478 

turned off until the DMAX 455 signal goes from high to low, ^ i ovv . In one embodiment, AND gate 478 output will 

or until the power switch 247 reaches current limit, allowing a i ways be low if the gate of power swilch 247 k on for 

the output transistor to remain on for the maximum duty longer than l i{S sioce gate 478 com bines an inverted 

cycle or until power switch 247 reaches its current limit. 65 drive signal 261 (from the output of NAND gale 465) with 

In one embodiment, when the feedback signal is less than TMIN 257. In one embodiment, when the drive signal 261 

the "'peaks/' but greater than the "valleys" of the SAW 451 is on for longer than 1 ;is, the AND gate 478 output remains 
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low and transistor 201 remains on to keep oscillator 449 faster rate for an entire 1 ^us . Thus, TMIN 257 has a pulse 

unaffected. Ia one embodiment, the frequency of drive width or on-time of 1 us. 

signal 261 remains constant at 100 kHz in this case. In comparison, FIG. 4 shows low frequency operation, 

In one embodiment, as the duty cycle of drive signal 261 which in one embodiment occurs when feedback signal 248 

falls below 10% in response to feedback signal 248, the 5 is in a range that causes the duty cycle of drive signal 261 

switching regulator 239 goes into low frequency operation. to be less than 10%. In the particular example illustrated in 

In one embodiment, as the duty cycle of drive signal 261 FIG - 4 . tne on-time of drive signal 261 is only 0.5 //s, which 

drops below 10%, or the on-time of drive signal 261 falls is less than 1 /ts. As shown, since the on-time of drive signal 

below 1 /e, the output of the NAND gate 465 goes high 261 is oniv 0 5 which is less than 1 ,«s, capacitor 353 is 

while TMIN 257 is still high. During this time, if the status 10 s-till not fully discharged when current source 351 is deac- 

of drive signal 261 was determined through the feedback Uvated and oscillator 449 is suspended. As shown, SAW 251 

signal 248, instead of the current limit signal received at the signal is caused to be held at the voltage when oscillator 449 

input of OR gale 458, the output of the comparator 456 is Wi *s suspended and TMIN 257 now remains high for more 

also high. With all of the inputs of AND gate 478 being high, to 30 1 V s smce capacitor 353 is discharged at a slower rate 

the output of AND gate 478 goes high and turns off transistor is as a result of current source 351 being deactivated. Indeed, 

201, cutting off the current into the oscillator 449 and & shown, TMIN 257 remains high for the next 0.5 ( «s * 

suspending oscillations generated by oscillator 449. 31-15.5 t us. After TMIN 257 goes low, the operation of 

In one embodiment, oscillator 449 maintains the value of oscillator 449 is resumed and SAW 251 signal continues to 

SAW 451 at its last voltage magnitude, and the signals ^"ate from where it left off to rise to its "peak" in 5.5 fits 

CLOCK 453 and DMAX 455 stop switching in response to 20 and subsequently fell to its "valley" in the normal 4 jus. 

oscillator 449 being suspended in response to transistor 201 In ^ grated example of FIG. 4, the switching fre- 

being turned off. In one embodiment, when the output of ^ eQc y of dnve S1 & n&] 261 15 reduced down t0 392 mz and 

AND gate 478 goes high, the output of inverter 479 goes low the P cno6 of tne dnve sl S Dal has been leased to 25.5 ^ 

and transistor 208 turns off, which deactivates the current (?- 5 ^ +1 ^ 5 ^ +5 5 P 5 )- If the volta S e of feedback 

source 351 from discharging capacitor 353. Since the current 25 SI « Qal 248 S oes down more ' tbe switcbmg frequency of 

that discharges the capacitor 353 is 31 times smaller now dnve S1 & nal 261 leases further in accordance with the 

that current source 351 deactivated, capacitor 353 dis- teachings of the present invention. Note that the frequency 

charges at a slower rate and remains charged for a longer of drive 261 k reduced without ^PP^S c V c] e$ of 

amount of time. Consequently, the remaining on-time of dnve Sl S Dal 261 m accordance with the teachings of the 

TMIN 257 is increased by 31 times. As a result, the pulse 30 P* 6 * 01 mveoUon - Instead > the P enod of eac n is 

width of TMIN 257 is increased from a fixed 1 ps value to creased to reduce the frequency of dnve signal 261. In one 

the value determined by the following equation: embodiment, both the on-time and the off-time of each cycle 

of the drive signal 261 are adjusted simultaneously when 

For dspw>i /is: tminpw=i /js\ increasing the period of the drive signal 261 in accordance 

35 with the teachings of the present invention* 

for DSPW<1 tm: TMINPW=((l ^-DSPW)*3l) + DSPW (Eq. i) ln one embodiment, the lowest frequency that the power 

where TMINPW is TMIN 257 pulse w,dth and DSPW is f™ ly t COa ! roUer , can & l ° can be ^toeA ?™& the 

drive signal 261 pulse width. J*"?* 8 ? ab ° V f ' £ f asSUmi ?8 that ' he " the 

Tbe oscillator 449 is suspended from switching for the n ^1 ^Vf^^^ **** 7^ 

duration of TMIN 257 puis! width minus the drive signal 40 ^^7^ ° f ^ SAW2 , 5 the on * time ° d ™ 

261 pulse width and then released. When released, the Slgnal ™ duccs to a «L*»taatiaUy zero or negligible 

operationof oscaiator449resumesfrom where itleftoffand amount - In thls case > usin * E 4 ualloos 1 and 2 above: 

SAW 451 signal ramps up from the point at where it had tmtnpwk(i /is-~g /«)-3i>-o ^-31 /is, (Eq. 3) 
been suspended. Accordingly, the switching period of drive 

signal 261 is increased from 10 fts, of full frequency opera- lfpds-ctminpw-o /»)+io/«-4i /« (Eq. 4) 

tion to a value determined by the following equation: u TTL* TV ™ir • n^tvi 1 j. l jr*-™-*,-- 

J & 4 where TMINPW is TMIN 257 pulse width and LFPDS is 

For DSPW<i lfpds=(TMinpw-dspw>4-io /» (Eq. 2) * ow frequency period of drive signal 261. Thus, the period 

of drive signal 261 at the lowest frequency in this particular 

where LFPDS is low frequency p&riod of drive signal 261 50 embodiment is 41 pt&. 

and TMINPW is TMIN 257 pulse width. The low frequency period of 41 jus corresponds to a 

To illustrate, FIGS. 3 and 4 show full frequency and low frequency of l Ai ,us, or 24.4 kHz. Since the lowest switching 

frequency operation, respectively, of a switching regulator in frequency of 24.4 kHz is higher than the human audible 

accordance with the teachings of the present invention. In frequency range of 20 to 20 kHz, a power supply 101 

particular, FIG. 3 shows full frequency operation, which in 55 regulated with a switching regulator in accordance with the 

one embodiment occurs when feedback signal 248 is in a teachings of the present invention will not produce any 

range that causes the duty cycle of drive signal 261 to be audible noise, even at its lowest frequency. ' 

greater than 10%. As shown in FIG. 3, feedback signal 248 Referring back to the embodiment shown in FIG. 2, timer 

is in between the "peaks" and "valleys" of SAW 251 signal. circuit 347 also includes a transistor 212 switched in 

SAW 251 signal rises in from "valley"' to "peak" in 6 pts. and 60 response to the output of AND gate 478. Transistor 212 acts 

falls from "peak" to "valley 3 ' in 4 j«s, which results in a full as a switch to allow current to flow through resistor 211. The 

operating frequency of 100 kHz. In the example shown, purpose of resistor 211 and transistor 212 is to keep the 

drive signal has an on-time of 2 /as or a duty cycle of 20%, current consumption of switching regulator 239 during low 

which is greater than 10%. Accordingly, switching regulator frequency operation the same as the current consumption 

239 operates in full frequency mode. The inverted drive 65 was during full frequency operation. As discussed earlier, 

signal 259 keeps both current sources 351 and 352 activated one embodiment of switching regulator 239 is powered by 

all the time, allowing capacitor 353 to be discharged at the a current into the control terminal 245 through opto-couplcr 
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133 from output sense circuit coupled 131 to the output 129 lator 239 is operated in either full frequency or low fre- 

of the power supply 101. In one embodiment, part of the queocy can be adjusted by adjusting the TMIN 257 time 

current that goes into the control terminal 245 powers up the constant when both current sources 351 and 352 are on. In 

circuitry of switching regulator 239 and the remainder of the one embodiment, the minimum frequency of drive signal 

current is shunted to ground by the shunt regulator. The 5 261 is 40 kHz. In another embodiment, switching regulator 

feedback signal 248 is extracted from the amount of the 259 ^ operated at a full frequency operation at 65 kHz with 

current that is shunted to ground. a minimum frequency for drive signal of 20 kHz. 

As the frequency of drive signal 261 decreases during the In the foregoing detailed description, the method and 

low frequency operation, the power consumed due to apparatus of the present invention has been described with 

switching of the internal circuitry of switching regulator 239 10 reference to sP ecific exemplary embodiments thereof. It 

decreases, resulting in less current going into the circuitry of ^ however, be evident that various modifications and 

switching regulator 239 and more current being shunted to changes may be made thereto without departing from the 

ground. As the current being shunted to ground increases, broader s P m ' 313(1 ^I* Pwsent invention. The 

the portion of this current that is being used for extracting P resenl specification and figures are accordingly to be 

the feedback signal 248 would also increase, causing the is re S arded as ^rative rather than restrictive, 

feedback signal 248 to go lower. Correspondingly, the ^ hat 15 claimecl lS; 

switching frequency of drive signal 261 would then go lower 1 A SWItCDin g regulator, comprising: 

due to decreased current consumption of the switching a P ower switch coupled between first and second 

regulator 239. terminals, the first terminal to be coupled to an energy 

Thus, to keep the current consumption of the switching 2D transfer element of a power supply and the second 

regulator substantially constant, additional current is drawn terminal to be coupled to a supply raU of the power 

in low frequency mode operation through resistor 211 and supply; 

transistor 212 to compensate for the difference in switching a control circuit coupled to a third terminal and the power 
losses between full and low frequency operating modes of switch, the third terminal to be coupled to an output of 
switching regulator 239 in accordance with the teachings of 25 tae power supply, the control circuit coupled to gener- 
the present invention. If the additional current is greater than ate a feedback signal responsive to the output of the 
the reduction of power consumption, then, the pulse width power supply, the control circuit coupled to switch the 
modulation gain, i.e. the duty cycle versus control terminal power switch in response to the feedback signal, the 
245 current, will be slightly reduced. control circuit coupled to switch me power switch at a 
FIGS. 5 and 6 are diagrams illustrating the relationships 30 fixed switching frequency for a first range of feedback 
of frequency vs. current 561, and duty cycle vs. current 661, signal values, the control circuit coupled to vary a 
respectively, in one embodiment of switching regulator in switching frequency of the power switch without skip- 
accordance with the teachings of the present invention. In P m g cycles in response to the feedback signal for a 
particular, FIG. 6 shows that as the current into the control second range of feedback signal values, 
terminal 245 increases, the duty cycle of drive signal 26 1 35 2 - Th e switching regulator of claim 1 wherein the control 
decreases. In one embodiment, the duty cycle of drive signal circuit comprises: 

261 decreases in a linear type fashion relative to the current a feedback signal circuit coupled to the third terminal, the 
into control terminal 245 across the full and low frequency feedback signal circuit coupled to generate the feed- 
modes of the switching regulator in accordance with the back signal; and 

teachings of the present invention. 40 a pulse width modulator circuit coupled to switch the 

FIG. 5 shows that in one embodiment as the duty cycle of power switch in response to the feedback signal, 

drive signal 261 decreases, the switching frequency of drive 3. The switching regulator of claim 1 wherein the first and 

signal 261 remains fixed until the duty cycle is reduced to a second ranges of the feedback signal correspond to first and 

value such as 10%. As the duty cycle of drive signal 261 falls second ranges of levels of a load coupled to the output of the 

below 10%, in one embodiment, the frequency of drive as power supply. 

signal 261 starts to decrease gradually, all the way down to 4. The switching regulator of claim 2 wherein the first and 

approximately 25 kHz, by which time the duty cycle of drive second ranges of the feedback signal correspond to first and 

signal 261 goes down to 0%. In one embodiment, the second ranges of on-time values of a drive signal generated 

frequency of drive signal 261 decreases in a nearly linear by the pulse width modulator circuit to switch the power 

type fashion in response to control terminal 245 current 50 switch. 

across the full and low frequency modes of the switching 5. The switching regulator of claim 2 wherein the first and 

regulator in accordance with the teachings of the present second ranges of the feedback signal correspond to first and 

invention. second ranges of duly cycle percentage values of a drive 

In one embodiment, feedback signal 248 is responsive lo signal generated by the pulse width modulator circuit to 

the control terminal 245 current. Therefore, for one range of 55 switch the power switch. 

feedback signal 248 values, the switching regulator 239 6. The switching regulator of claim 2 wherein an off-time 

operates at a fixed frequency and for another range of value of a drive signal generated by the pulse width modu- 

feedback signal 248 values, the frequency of operation of the lator circuit to switch the power switch varies as a function 

switching regulator 239 is decreased in response to the of a level of a load coupled to the output of the power supply 

feedback signal 248. In one embodiment, the boundary of 60 to vary the switching frequency of the power switch without 

fixed frequency operation and low frequency operation is a skipping cycles for the second range of feedback signal 

feedback signal 248 value that corresponds to a 10% duty values. 

cycle. 7. The switching regulator of claim 2 wherein on-time and 

In one embodiment of the pressor invention, switching off-time values of a drive signal generated by the pulse width 

regulator 239 is operated at a full frequency operation at 130 65 modulator circuit to switch the power switch vary simulta- 

kHz. In this embodiment, the on-time of drive signal 261 neously as a function of a level of a load coupled to the 

that corresponds to the boundary at which switching regu- output of the power supply to vary the switching frequency 
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of the power switch without skipping cycles for the second 
range of feedback signal values. 

8. The switching regulator of claim 7 wherein the oS-time 
value of the drive signal is varied as a function of the on-time 
value and a first on- time value of the drive signal, the first 5 
on-time value of the drive signal corresponding to an 
on-time of the drive signal at a boundary between the first 
and second ranges of feedback signal values. 

9. The switching regulator of claim 2 wherein the switch- 
ing frequency of the power switch is reduced without JQ 
skipping cycles for the second range of feedback signal 
values as a level of load coupled to the output of the power 
supply is reduced. 

10. The switching regulator of claim 9 wherein the 
switching frequency of the power switch is reduced without J5 
skipping cycles to a minimum frequency when a duty cycle 
percentage value of a drive signal generated by the pulse 
width modulator circuit to switch the power switch is 
substantially equal to zero percent. 

11. A power supply, comprising: ^ 
an energy transfer element having an energy transfer 

element input and an energy transfer element output 
coupled to an output of the power supply; 
a switching regulator circuit including a power switch 
coupled to the energy transfer element input, and a 2 $ 
coalrol circuit coupled to the power switch and the 
output of the power supply, the control circuit coupled 
to generate a feedback signal responsive to the output 
of the power supply, the control circuit coupled to 
switch the power switch in response to the feedback 30 
signal, the control circuit coupled to switch the power 
switch at a fixed switching frequency for a first range 
of feedback signal values, the control circuit coupled to 
vary a switching frequency of the power switch without 
skipping cycles in response to the feedback signal for 35 
a second range of feedback signal values. 

12. The power supply of claim 11 wherein the control 
circuit comprises: 

a feedback signal circuit coupled to the output of the 
power supply, the feedback signal circuit coupled to 40 
generate the feedback signal; and 

a pulse width modulator circuit coupled to switch the 
power switch in response to the feedback signal. 

13. The power supply of claim 12 further comprising an 
output sense circuit coupled between the output of the power 45 
supply and the switching regulator circuit, the output sense 
circuit coupled to provide an output sense signal to the 
switching regulator that is proportional to an output voltage 

or current supplied by the output of the power supply, 
wherein a duty cycle variation provided by a drive signal 50 
generated by the pulse width modulator circuit to switch the 
power switch is inversely proportional to the output sense 
signal. 

14. The power supply of claim 11 wherein the first and 
second ranges of the feedback signal correspond to first and 55 
second ranges of levels of a load coupled to the output of the 
power supply. 

15. The power supply of claim 12 wherein the first and 
second ranges of the feedback signal correspond to first and 
second ranges of on-time values of a drive signal generated so 
by the pulse width modulator circuit to switch the power 
switch. 

16. The power supply of claim 12 wherein the first and 
second ranges of the feedback signal correspond to first and 
second ranges of duty cycle percentage values of a drive 65 
signal generated by the pulse width modulator circuit to 
switch the power switch. 



17. A method for regulating a power supply, comprising; 
switching with a drive signal a power switch coupled to 

an energy transfer element of the power supply to 
control power delivered to an output of the power 
supply; 

generating a feedback signal in response to the output of 

the power supply; 
maintaining a frequency of the drive signal at a fixed 

frequency for a first range feedback signal values; and 
varying the frequency of the drive signal without skipping 

cycles in response to the feedback signal for a second 

range of feedback signal values. 

18. The method for regulating the power supply of claim 
17 further comprising varying a duty cycle of the drive 
signal substantially in response to the feedback signal. 

19. The method for regulating the power supply of claim 

17 wherein generating the feedback signal in response to the 
output of the power supply comprises monitoring a current 
representative of a level of the load coupled to the output of 
the power supply. 

20. The method for regulating the power supply of claim 

18 wherein generating the feedback signal in response to the 
output of the power supply comprises monitoring an on-time 
of the drive signal. 

21. The method for regulating the power supply of claim 

20 wherein monitoring the on-time of the drive signal 
comprises timing the on-time of the drive signal with a timer 
circuit, the method further comprising suspending operation 
temporarily of an oscillator circuit if the on-time of the drive 
signal is less than a first on-time value. 

22. The method for regulating the power supply of claim 

21 wherein timing the on-time of the drive signal with the 
timer circuit comprises 

discharging a capacitor at a first rate during the on-time of 

the drive signal; and 
discharging the capacitor at a second rate during an 

off-time of the drive signal, the first rate greater than the 

second rate. 

23. The method for regulating the power supply of claim 

22 further comprising maintaining a voltage level of a 
suspended oscillating signal generated by the oscillator 
circuit while the operation of the oscillator circuit is tem- 
porarily suspended. 

24. The method for regulating the power supply of claim 

23 further comprising resuming operation of the oscillator 
circuit after the capacitor has been discharged, 

25. A switching regulator, comprising: 

a power switch coupled between first and second termi- 
nals; 

a control circuit coupled to a third terminal and coupled 
to the power switch, the control circuit coupled to 
receive an output sense signal responsive to an output 
of a power supply, the control circuit coupled to gen- 
erate a drive signal to switch the power switch in 
response to the output sense signal to control the output 
of the power supply; and 

a timer circuit included in the control circuit, the timer 
circuit coupled to time an on-time of the drive signal, 
the timer coupled to the control circuit to vary a 
switching frequency of the drive signal without skip- 
ping cycles if the on-time of the drive signal is less than 
a first on-time value, the drive signal to have a fixed 
switching frequency if the on-time of the drive signal is 
greater than the first on lime value. 

26. The switching regulator of claim 25 wherein the timer 
circuit comprises a capacitor that is coupled to be charged 
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which was duly and legally issued on April 3, 2001. A true and correct copy of the '079 patent is 
attached hereto as Exhibit E. 

35. On June 28, 2004, Power Integrations filed a complaint for patent infringement 
against SG in this District because SG was infringing several Power Integrations patents, including 
the '079 patent. Thereafter, Power Integrations filed a similar complaint for patent infringement 
with the U.S. International Trade Commission ("ITC") in an effort to obtain expedited relief to 
prevent continued infringement through importation of the infringing products into the United 
States. The District Court case was stayed pending the proceedings in the ITC Though Power 
Integrations had initially asserted the '079 patent in the ITC, it voluntarily narrowed its assertion of 
patents and claims in such a way that it proceeded to a hearing on the '398 and '908 patents, as 
discussed above. The ITC hearing was held before an Administrative Law Judge ("ALJ"), and the 
ALJ found all remaining asserted claims valid and infringed, and recommended an exclusion order 
against the infringing SG products. On August 11, 2006, the ITC issued an exclusion order against 
the infringing SG chips. SG appealed the ITC decision, but the Federal Circuit affirmed the ITC's 
findings in all respects. Thereafter, with the exclusion order in place, the parties voluntarily agreed 
to dismiss the District Court case, but their agreement explicitly recognized that Power Integrations 
could re-file the complaint again. 

36. After the ITC trial and the issuance of the exclusion order, Fairchild purchased SG. 
Prior to its purchase of SG, Fairchild was itself also found to have infringed certain other of Power 
Integrations patents in a proceeding in the U.S. District Court for the District of Delaware. Like the 
ITC and the Federal Circuit, the Delaware Jury and Court both rejected Fairchild's challenges to the 
validity of these other Power Integrations patents as well. 

37. Since the acquisition of SG, SG has operated as a wholly-owned subsidiary of 
Fairchild, and Defendants have continued to sell SG chips and to introduce new chips based on the 
SG architecture. 

38. During the parties' prior litigation, SG initiated multiple challenges to the validity of 
the '079 patent via filing two separate requests for ex parte reexamination before the USPTO, 
raising a number of allegations of invalidity. On May 5, 2009, the USPTO issued Reexamination 
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and discharged in response to the drive signal, the capacitor 
to be discharged at a first rate during the on-time of the drive 
signal, the capacitor coupled to be discharged at a second 
rate during an off-time of the drive signal, the first rate 
greater than the second rate. 

27, The switching regulator of claim 26 wherein the timer 
circuit further comprises first and second current sources 
coupled to discharge the capacitor at the first rate, the second 
current source coupled to discharge the capacitor at the 
second rate. 

28. The switching regulator of claim 26 wherein the 
control circuit comprises an oscillator circuit coupled to 
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generate an oscillating signal, the oscillator circuit to sus- 
pend generating the oscillating signal if the on-time of the 
drive signal ends prior to the capacitor being discharged, the 
oscillator circuit coupled to resume generating the oscillat- 

5 ing signal after the capacitor has been discharged. 

29. The switching regulator of claim 28 wherein the 
oscillator circuit is coupled to maintain a voltage level of the 
oscillating signal while the oscillator circuit is suspended, 
the oscillator circuit is coupled to resume the oscillating 

10 signal from the maintained voltage level. 
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EX PARTE 
REEXAMINATION CERTIFICATE 
ISSUED UNDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS 5 
INDICATED BELOW. 

Matter enclosed in heavy brackets [ ] appeared in the 
patent, but has been deleted and is no longer a part of the 
patent; matter printed in italics indicates additions made 10 
to the patent. 

AS A RESULT OF REEXAMINATION, IT HAS BEEN 
DETERMINED THAT: 

15 

Claims 1 and 17 are determined to be patentable as 
amended. 

Claims 2-3, 6, 9, 18 and 19, dependent on an amended 
claim, are determined to be patentable. 20 

New claims 30-52 are added and determined co be patent- 
able. 

Claims 4, 5, 7, 8 10-16 and 20-29 were not reexamined. 25 

1, A switching regulator, comprising: 

a power switch coupled between first and second 
terminals, the first terminal to be coupled to an energy 
transfer element of a power supply and the second ter- 30 
minal to be coupled to a supply rail of the power sup- 
ply; 

a control circuit coupled to a third terminal and the power 
switch, the third terminal to be coupled to an output of 
the power supply, the control circuit coupled to gener- 35 
ate a feedback signal responsive to the output of the 
power supply, the control circuit coupled to switch the 
power switch in response to the feedback signal[J; and 

an oscillator circuit included in the control circuit for 
controlling both a switching frequency and a maximum ^ 
duty cycle of the power switch, 

wherein the control circuit is coupled to switch the power 
switch at a fixed switching frequency for a first range of 
feedback signal values when the output of the power 4 
supply is in regulation, and wherein the control circuit 
is coupled to vary a switching frequency of the power 
switch without skipping cycles in response to the feed- 
back signal for a second range of feedback signal val- 
ues when the output of the power supply is in regula- 
tion. 

17. A method for regulating a power supply, comrpising: 

switching with a drive signal a power switch coupled to an 
energy transfer element of the power supply to control 
power delivered to an output of the power supply; 55 

generating a feedback signal in response to the output of 
the power supply; 

maintaining a frequency of the drive signal at a fixed fre- 
quency for a first range of feedback signal values [and] 
when the output of the power supply is in regulation; 6 q 

varying the frequency of the drive signal without skipping 
cycles in response to the feedback signal for a second 
range of feedback signal values when the power supply 
output is in regulation: and 

controlling both the frequency of the drive signal and a 65 
maximum duty cycle of the power switch with an oscil- 
lator circuit of a controller of the power supply. 
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30. The switching regulator of claim 1 wherein a lowest 
switching frequency of the switching regulator is above a 
human audible frequency range. 

31. A switching regulator, comprising: 

a power switch coupled between first and second 
terminals, the first terminal to be coupled to an energy 
transfer element of a power supply and the second ter- 
minal to be coupled to a supply rail of the power sup- 
ply: and 

i a control circuit coupled to a third terminal and the power 
switch, the third terminal to be coupled to an output of 
the power supply, the control circuit coupled to gener- 
ate a feedback signal responsive to the output of the 
power supply, the control circuit coupled to switch (he 
power switch in response to the feedback signal, the 
control circuit coupled to switch the power switch at a 
fixed switching frequency for a first range of feedback 
signal values, the control circuit coupled to vary a 
switching frequency of the power switch without skip- 
ping cycles in response to the feedback signal for a 
second range of feedback signal values, wherein the 
control circuit comprises: 

a feedback signal circuit coupled to tfte third terminal, 
the feedback signal circuit coupled to generate die 
feedback signal: and 

a pulse width modulator circuit coupled to switch the 
power switch in response to the feedback signal, 

wherein the first and second ranges of the feedback 
signal correspond to first and second ranges of 
on-time values of a drive signal generated by the 
pulse width modulator circuit to switch the power 
switch. 

32. The switching regulator of claim 31 wherein the first 
and second ranges of the feedback signal further correspond 
to first and second ranges of duty cycle percentage values of 
the drive signal generated by the pulse width modulator cir- 
cuit to switch the power switch. 

33. Tfie switching regulator of claim 31 wherein a lowest 
switching frequency of the switching regulator is above a 
human audible frequency range. 

34. A switching regulator, comprising: 

a power switch coupled between first and second 
terminals, the first terminal to be coupled to an energy 
transfer element of a power suply and the second te rmi- 
nal to be coupled to a supply rail of the power supply; 
and 

a control circuit coupled to a third terminal and die power 
switch, the third terminal to be coupled to an output of 
the power supply, the control circuit coupled to gener- 
ate a feedback signal responsive to the output of the 
power supply, the control circuit coupled to switch die 
power switch in response to the feedback signal, the 
control circuit coupled to switch the power switch at a 
fixed switching frequency for a first range of feedback 
signal values, the control circuit coupled to vary a 
switching frequency of the power switch without skip- 
ping cycles in response to the feedback signal for a 
second range of feedback signal values, wherein the 
control circuit comprises: 

a feedback signal circuit coupled to the third terminal, 
the feedback signal circuit coupled to generate the 
feedback signal; and 
a pulse width modulator circuit coupled to switch the 
power switch in response to the feedback signal, and 
wherein on-time and off-time values of a drive signal 
generated by the pulse width modulator circuit to 
switch the power switch vary simultaneously as a 
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function of a level of a load coupled to the output of 
(he power supply to vary the switching frequency of 
the power switch without skipping cycles for the sec- 
ond range of feedback signal values, 

35. The switching regulator of claim 34 wherein the off- 5 
time value of the drive signal is varied as a function of the 
on-time value and a first on-time value of the drive signal, 
the first on-time value of the drive signal corresponding to 
an on-time of the drive signaf at a boundary between the first 
and second ranges of feedback signal values. J0 

36. The switching regulator of claim 34 wherein the 
switching frequency of the power switch is reduced without 
skipping cycles to a minimum frequency when a duty cycle 
percentage value of the drive signal generated by the pulse 
width modulator circuit to switch the power switch is sub- )5 
stantiatly equal to zero percent. 

37. The switching regulator of claim 34 wherein a lowest 
switching frequency of the switching regulator is above a 
human audible frequency range, 

38. A switching regulator, comprising: 20 
a power switch coupled between first and second 

terminals, the first terminal to be coupled to an energy 
transfer element of a power supply and the second ter- 
minal to be coupled to a supply rail of the power sup- 
ply; and 25 
a control circuit coupled to a third terminal and (he power 
switch, the third terminal to be coupled to an output of 
the power supply, the control circuit coupled to gener- 
ate a feedback signal responsive to die output of the 
power supply, the control circuit coupled to switch the 30 
power switch in response to the feedback signal, the 
control circuit coupled to switch the power switch at a 
fixed switching frequency for a first range of feedback 
signal values, the control circuit coupled to vary a 
switching frequency of the power switch without skip- 35 
ping cycles in response to the feedback signal far a 
second range of feedback signal values, wherein the 
first and second ranges of the feedback signal corre- 
spond to first and second ranges of on-time values of a 
drive signal generated by the control circuit to switch 40 
the power switch. 

39. The switching regulator of claim 38 wherein the first 
and second ranges of the feedback signal further correspond 
to first and second ranges of duty cycle percentage values of 
the drive signal generated by the control circuit to switch the 45 
power switch. 

40. The switching regulator of claim 38 wherein the con- 
trol circuit comprises an oscillator circuit for controlling 
both the switching frequency and a maximum duty cycle of 
the power switch. 50 

4J, The switching regulator of claim 38 wherein a lowest 
switching frequency of the switching regulator is above a 
human audible frequency range. 
42, A switching regulator, comprising: 
a power switch coupled between first and second 55 
terminals, the first terminal to be coupled to an energy 
transfer element of a power supply and the second ter- 
minal to be coupled to a supply rail of the power sup- 
ply; and 

a control circuit coupled to a third terminal and the power 60 
switch, the third terminal to be coupled to an output of 
the power supply, the control circuit coupled to gener- 
ate a feedback signal responsive to the output of (he 
power supply, the control circuit coupled to switch the 
power switch in response to the feedback signal, the 65 
control circuit coupled to switch the power switch at a 
fixed switching frequency for a first range of feedback 
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signal mlues, the control circuit coupled to vary a 
switching frequency of the power switch without skip- 
ping cycles in response to the feedback signaf for a 
second range of feedback signal values, wherein 
on-time and off-time values of a drive signal generated 
by the control circuit to switch the power switch vary 
simultaneously as a function of the feedback signal in 
the second range of feedback signal values. 

43. The switching regulator of claim 42 wherein the off- 
lime value of the drive signal is varied as a function of the 
on-time value and a first on-time value of the drive signal, 
the first on-time value of the drive signal corresponding to 
an on-time of the drive signal at a boundary between the first 
and second ranges of feedback signal values. 

44. The switching regulator of claim 42 wherein the 
switching frequency of the power switch is reduced without 
skipping cyctes to a minimum frequency when a duty cycle 
percentage value of the drive signal generated by the control 
circuit to switch the power switch is substantially equal to 
zero percent. 

45. The switching regulator of claim 42 wherein the con- 
trol circuit comprises an oscillator circuit for controlling 
both the switching frequency and a maximum duty cycle of 
the power switch. 

46. The switching regulator of claim 42 wherein a lowest 
switching frequency of the switching regulator is above a 
human audible frequency range. 

47. A switching regulator, comprising: 

a power switch coupled between first and second 
terminals, the first terminal to be coupled to an energy 
transfer element of a power supply and the second ter- 
minal to be coupled to a supply rail of the power sup- 
ply: 

a control circuit coupled to a third terminal and the power 
switch, the third terminal to be coupled to an output of 
the power supply, the control circuit coupled to gener- 
ate a feedback signal responsive to the output of the 
power supply, the control circuit coupled to switch the 
power switch in response to the feedback signal; and 

an oscillator circuit included in the control circuit for 
controlling both a switching frequency and an on-time 
of the power switch. 

wherein the control circuit is coupled to switch the power 
switch at a fixed switching frequency for a first range of 
feedback signal values when the output of the power 
supply is in regulation, and wherein tlu* control circuit 
is coupled to vary a switching frequency of the power 
switch without skipping cytes in response to the feed- 
back signal for a second range of feedback signal val- 
ues when the output of the power supply is in regula- 
tion. 

48. The switching regulator of claim 47 wherein a lowest 
switching frequency of the switching regulator is above a 
human audible frequency range. 

49. Tlte switching regulator of claim 47 wherein the first 
and second ranges of the feedback signal correspond to first 
and second ranges of on-time values of a drive signal gener- 
ated by the control circuit to switch the power switch. 

50. A switching regulator, comprising; 

a single power switch to be coupled between first and 
second terminals, the first temunal to be coupled to an 
energy transfer element of a power supply and the sec- 
ond terminal to be coupled to a supply rail of the power 
supply; 

a control circuit coupled to a third terminal of the switch- 
ing regulator and to the single power switch, the third 
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terminal to be coupled to an output of the power supply, 
the control circuit coupled to generate a feedback sig- 
nal responsive to the output of the power supply, the 
control circuit coupled to switch the power witch in 
response to the feedback signal the control circuit 5 
coupled to switch the power switch at a fixed switching 
frequency for a first range of feedback signal values 
when the output of the power supply is in regulation, 
the control circuit coupled to vary a switching fre- 
quency of the power switch without skipping cycles in lf y 
response to the feedback signal for a second range of 
feedback signal values when the power supply output is 
in regulation. 



wherein the control circuit comprises an oscillator circuit 
for controlling both the switching frequency and a 
maximum duty cycle of the power switch. 

51. The switching regulator of claim 50 wherein a lowest 
switching frequency of the switching regulator is above a 
human audible frequency range. 

52. The switching regulator of claim 50 wherein the first 
and second ranges of the feedback signal correspond to first 
and second ranges of on-time values of a drive signal gener- 
ated by the control circuit to switch the power switch. 



